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FART V 



POPULAR CHEMISTRY. 



INTRODUCTORY. 

Why is the science of chemistry sa named? 

Because of its origin from the Arabic, in which lan- 
guage it signifies "the knowledge of the composition 
af bodies." 

The following definitions of chemistry have been 
given by some of our best writers : — 

" Chemistry is the study of the effects of heat and 
mixture, with the view of discovering their general 
and subordinate laws, and of improving the useful arts." 
—Dr.Elack. 

"Chemistry is that science which examines the con- 
stituent parts of bodies, with reference to their nature, 
proportions, and method of combination." — Bergman. 

" Chemistry is that science which treats of those 
events or changes, in natural bodies, which are not ac- 
companied by sensible motions." — Dr. Thompson. 

u Chemistry is a science by which we become ac- 
quainted with the intimate and reciprocal action of all 
the bodies in nature upon each other." — Fourcroy. 

The four preceding definitions are quoted by Mr. 
Parkes, in his Chemical Catechism. 

b2 



4 KNOWLEDGE FOR THE PEOPLE. 

Dr. Johnson (from Arbuthnot) defines * chemistry 99 

as " philosophy by fire." 

Mr. Brande says " It is the object of chemistry to 
investigate all changes in the constitution of matter, 
whether effected bv heat, mixture, or other means." — 
Manual, 3rd edit 1830. 

Dr. Ure says a Chemistry maybe defined the science 
which investigates the composition of material sub- 
stances, and the permanent changes of constitution 
which their mutual actions produce." — Dictionary, 
edit 1830. 

Sir Humphry Davy, in his posthumous work,* says, 
u There is nothing more difficult than a good definition 
of chemistry ; for it is scarcely possible to express, in 
a few words, the abstracted view of an infinite variety 
of facts. Dr. Black has defined chemistry to be that 
science which treats of the changes produced in bodies 
by motions of their ultimate particles or atoms : but 
this definition is hypothetical ; for the ultimate parti- 
cles or atoms are mere creations of the imagination. 
I will give you a definition which will have the merit 
of novelty, and which is probably general in its appli- 
cation. Chemistry relates to those operations 6y which 
the intimate nature of bodies is changed, or by which they 
acquire new properties. This definition wul not only 
apply to the effects of mixture, but to the phenomena 
of electricity, and, m short, to all the changes which 
do not merely depend upon the motion or division of 
masses of matter. 

Cuvier, in one of a series of lectures, delivered at 
Paris, in the Spring of last year, sayB "the name che- 
mistry, itself, comes from the word chim, which was 
the ancient name of Egypt ;" and he states that mine- 
rals were known to the Egyptians " not only by their 
external characters, but also by what we at the present 
day call their chemical characters. 11 He also adds, that 
what was afterwards cal led the Egyptian science, the 
* Consolations in Travel ; or the Last Days of a Philosopher. 1630 ', 
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c art, tho on of transmuting metals, was a mere 



auppo«i tit ions, and 
lower Empire." 

Why it ckemithy tstential to man in his highttt state 
of cultivation ? 

Because every part of his body ia covered with tho 
products of different chemical ami mechanical arts; 
made not only useful in protecting him from the in- 
clemency of the seasons, hut combined in forms of 
beauty aud variety ; creating out of the dust of the 
earth, from the clay under his feet, instruments of use 
and ornament; extracting metals from the rude ore, 
and giving to them, a hundred different shapes for a 
thousand different purposes; selecting and improving 
the vegetable productions \% ith which lie covers the 
eartli ; making the winds carry him on every part of 
the immense ocean ; and compel ling the ek-mems of 
air, water, and even fire, us it were, to labour for him ; 
concent rilling in small space materials which act as 
the thunderbolt, and dintling their i nergies so as to 
destroy at immense distances; blasting the rock, re- 
moving the uiiUiin, carrying water from the valley 

to the hill, &c. Or, to be more minute, the rendering 
skins insoluble in water, by combining with them the 
astringent principle of certain vegetables, is a chemi- 
cal invention; and without leather, our shoes, our 
camagefi, our equipages, would be very ill made: 
the 1,1 caching and dyeing of wool and silk, cotton 
and flax, ore chemical processes, and the conver- 
sion of them into dillcrcnt Homes, is r.i mechanical 
invention ; the working of iron, cupper, tin, lead, and 
the other metals, and the combining them in different 
alloys, by which almost all the instruments necessary 
for the turner, the joiner, the stonemason, the »hip- 
builder, and the smith, are made, are chemical inven- 
tions; even Ike prtst could not have existed in any 
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state of perfection without a metallic alloy. The com- 
bining or alkali and sand, and certain clays and flints 
together, to form glass and porcelain, is a chemical 
process ;* the colours which the artist employs to frame 
resemblances of natural objects, or to create combina- 
tions more beautiful than ever existed in nature, are 
derived from chemistry ; — in short, in every branch of 
the common and fine arts, in every department of hu* 
man industry, the influence of this science is felt; and 
we may find in the fable of Prometheus taking the 
flame from heaven to animate his man of clay, an em* 
blem of the effects of fire, in its application to chemi- 
cal purposes, in creating the activity and almost the 
life of civil society. — Abndgedfrom u the Last Days of 
a Philosopher" by the late Sir Humphry Davy. 

Why may real philosophers be considered to have 
done much by their own inventions for the useful arts! 

Because the chemical or mechanical manufacturer 
has merely applied what the philosopher has made 
known ; he has merely worked upon the materials fur- 
nished to him. Thus, the chlorine, or ozymuriatic 
gas, of Scheele, was scarcely known, before it was ap- 
plied by Beithollet to bleaching; scarcely was muria- 
tic gas discovered by Priestley, when Guyton de Mor- 
veau used it for destroying contagion. Platinum has 
owed its existence, as a useful metal, entirely to the 
labours of an illustrious chemical philosopher ; look at 
the beautiful yellow afforded by one of the new metals, 
chrome ; consider the medical effects of iodine, in some 
of the most painful and disgusting maladies belonging 
to human nature, as cancer and bronchocele. We 

* The improvements of porcelain in this country, as well aa those 
made in Germany and France, have been entirely the result of chemical 
experiments; the Dresden and the Sevres mannfrctories have been the 
work of men of science ; and it was by multiplying his chemical re- 
searches, that Wedge wood was enabled to produce, at so cheap a rate, 
those beautiful imitations, which, while they surpass the ancient vases 
hi solidity and perfection of material, equal them in the elegance, va- 
riety, and tasteful arrangement of their is am 
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have no history of the manner in which iron was ren- 
dered malleable; but we know that platinum could 
only have been worked by a person of die most refined 
chemical resources. — Sir IL Davy. 

Why is the apparatus essential to the modern chemist 
much less bulky and expensive than that used hy the an- 
cients? 

Because an air-pump, an electrical machine, a vol- 
taic battery, (all upon a small scale) a blowpipe appa- 
ratus, a bellows and forge, a mercurial and water-gas 
apparatus, cups and basins of platinum and glass, and 
the common re-agents of chemistry, are all that are 
required. All the implements absolutely necessary, 
may be carried in a small trunk ; and some of the best 
and most refined researches of modern chemists, have 
been made by an apparatus which might with ease be 
contained in a small travelling carriage, and the ex- 
pense of which is only a few pounds. Chemistry is 
not injurious to the health ; the modern chemist is not 
like the ancient one, who passed the greater part of his 
time exposed to the heat and smoke of a furnace, and 
the unwholesome vapours of acids and alkalies, and 
other menstrua, of which, for a single experiment, he 
consumed several pounds. — Sir H. Davy* 

ATTRACTION OR AFFINITY. 

Why is our earth a globe ? 

Because of the general attraction by which all its 
parts are drawn towards each other, that is, towards a 
common centre ; by which means the mass assumes 
the spherical or rounded form. 

We have interesting instances of roundness from the 
same cause in minute masses, — as the particles of a 
mist or fog floating in air, — there, mutually attracting 
and coalescing into larger drops, and then forming 
rain— dew-drops — water trickling on a duck's wing — 
the tear dropping from the cheek — drops of laudanum 
—globules of mercury, like pure silver beads, coalescing 
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when near, and forming larger ones — melted lead al- 
lowed to rain down from an elevated sieve, which, by 
cooling as it descends, retains the form of its liquid 
drops, and becomes the spherical shot-lead of the 
sportsman. — Jhrnott. 

Why is the prescription of medicine by drops an unsafe 
method 1 ? 

Because, not only do drops of fluid from the same 
vessel, and often of the same fluid of different vessels, 
differ in size, but also drops of the same fluid, to the 
extent of a third, from different parts of the tip of the 
same vessel 

Why has it been said that the whole world, if the atoms 
covld be brought into absolute contact, might be compress- 
ed into a nutshell ? 

Because of the exceedingly tittle of really solid 
matter even in the densest mass, as evident in the non- 
contact of atoms, even in the most solid parts of bo- 
dies ; from the very great space obviously occupied by 
pores; the mass often having no more solidity than a 
neap of empty boxes, of which the apparently solid 
parts may still be as porous in a second degree, and so 
on; and from the great readiness with which light 
passes in all directions through dense bodies, like glass, 
rock crystal, diamond, &c. We have as yet no means 
of ascertaining exactly what relation this idea has to 
truth. — Jhrnott. 

Why may the doctrine of ultimate atoms be considered 
as established ? 

Because, according to the late Dr. Wollaston, the 
earth's atmosphere is limited, and consequently matter 
has a finite divisibility. "Yet," observes another, "of 
the smallest atom we can always imagine the hal£" 

Why is the density, or the quantity of atoms which exist 
in a given space, very different in different bodies? 

Because of three different circumstances: first, of 
the size or weight ef the individual atoms; secondly, 
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on the degree of porosity just now explained ; thirdly, 
on the proximity of the atoms in ihe more solid pM 
which stand between the pores. As an example of 
tlie different dcgr< ■•■.-, oj'tlcii.-ity, a cubic inch of lead is 
4U times heavier than the same hulk of cork.— Arnatt. 



prossion. 

Lavoisier has explained snlidity thus: — "The parti- 
cles of all bodies may l>e considered as subject to the 
action of two oppiisiti- [imvcr*. |-i'|HtIsioM and attraction, 
between which they remain in equilibria. So long as 
the attractive three remains slnviger, the l>ody milet 
continue in a state of solidity ; luit \\\ on the contrary, 
heat has so for removed these particles from eaeh 
- -'--leihem beyond thespher " 



Why da blur and yellow powders, when r, 
a green pnwder? 

Because of the mere effect arising in tin 
the intimate mixture of the yellow am 
parately and independently, reflected from the tr 
particles of each ; and the priii'if is hud hy examining 



with a microscope, when the yellnv 
;iiii.t ivill In- seen i-i'jiiirriirk- jujil quite unol 
F. IF.Hertchd. 
iy cannot a similar separation le detected in liquid 

of the excessive minuteness of the ports, 



and their perfect intei-mixmre, hy agitating tho blue 
and yellow liquids together. From tlie mixture of two 
powders, extreme patience would enable any one, by 
picking out with a magnifier grain alter grain, to se- 
piu-ate the ingredients. But when liquids are mixed, 
a mechanical separation is any longer practicable : 



li'' ii;ir:ii'i 

-J.F. W. 
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walks it is full of air, just as an open vessel, immersed 
in the sea, is full of water ; and if air were not allowed 
to escape from it, even so small a body as an apple 
could not be pressed into it additionally by leas force 
than fifty or sixty pounds. 

Why is heat produced on slacking quick-lime ? 

Because of the violence of the chemical action, and 
the solidification of the water. In this process 68 parts 
of lime solidify 32 parts of water ; but it is remarkable, 
that in making what we call lime-water, 500 parts of 
water are required to dissolve one part of lime. 

Why is it a vulgar error to say quick-lime, or oU of 
vtiriot,burns7 

Because they powerfully corrode animal and vege- 
table substances, and become violently hot from their 
combination with water, "They are, therefore, set 
down in vulgar parlance, as substances of a hot na- 
ture ; whereas, in their relations to the physical cause 
of heat, they agree with the generality of bodies simi- 
larly constituted." They owe the sensation of heat 
which they excite, to chemical stimulants, and not at 
all to their being actually hot 

Why art not bitter and sweet essential qualities of mat- 
ter? 

Because, as Dr. W. Herschel has recently discovered, 
the mixing of nitrate of silver with hypo-sulphate of 
soda, both remarkably bitter substances, produces the 
sweetest substance known. Thus, bitter and sweet, 
as well as sour, appear hot to be an essential quality 
in the matter itself, but to depend on the proportions 
of the mixture which composes it 

CRYSTALLIZATION. 

Jfty do the figures of crystals wry in regukarityf 
Because their regularity is influenced by the rapid- 
ity of the evaporation : thus, if the process be slowly 
ponducted, the particles unite with great regularity ; 
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if hurried, the crystals are irregular and confused. To 
obtain very regular crystals, the evaporation must be 
spontaneous, or that which takes place at common 
temperature. 

Why is the GianPs causeway disposed in angulm 
columns? 

Because it is supposed that the whole body of the 
rock was once in a state of fluidity, being no other 
than the lava of a burning mountain ; that the prodi- 
gious mass cracked in its cooling, into the above forms ; 
that it may since in some measure have been deranged 
by earthquakes ; that these have swallowed up the vol- 
cano itself; and 'that the waters of the neighbouring 
ocean now roll over the place where once it stood. — 
Parkes. 

The most remarkable basalt is the columnar, which 
forms immense masses, composed of columns, thirty, 
forty, or more feet in height, and of enormous thick- 
ness. Those at Fairhead are 250 feet high. The coast 
of Antrim, in Ireland, for the space of three miles in 
length, exhibits a very magnificent variety of colum- 
nar cliffs ; and the Giant's causeway consists of a point 
of that coast, formed of similar columns, and project- 
ing into the sea for a descent of several hundred feet. 
These columns are for the most part hexagonal, (or 
six-sided) and fit very accurately together; but most 
frequently not adherent to each other, though water 
cannot penetrate between them. In the Hebrides are 
likewise some vast specimens of basalt. 

Why are certain bodies porous, orfuU of small vacant 
spaces? 

Because of the crossing of the constituent crystalline 
needles or plates in bodies. — Jtrnott. 

Why are crystals mechanically divided only in certain 
directions, so as to afford smooth surf aces ? 

Because, in every crystallized substance, whatever 

PART V. C 
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, jnay be the difference of the figure which may arise 
from modifying circumstances, mere is, in all its crys- 
tals, a primitive form, the nucleus, as it were, of the 
crystal, invariable in each substance, giving rise to the 
actually outward existing forms, — Partes, 

Why has strong salt and water a peUicle (or film) on 
its surface? 

Because the attraction of the saline particles for each 
other is becoming superior to their attraction for the 
water. This is the common criterion of the fitness of 
a solution for crystallization. 

Sir Isaac Newton seems to have had a very clear 
idea of the cause of crystallization. "When," says 
he, " a liquor saturated with a salt, is evaporated 
to a pellicle, and sufficiently cooled, the salt forms in 
regular crystals Before being collected, the saline 
particles floated in the liquor, equally distant from each 
other ; they acted, therefore, mutually on each other, 
with a force which was equal at equal distances, and 
unequal at unequal distances; so, in virtue of this 
force, they must arrange themselves in an uniform 
manner. " — Newton's Optics, Book iii. 

Why will not salt crystallize when dissolved in a con- 
siderable quantity of water ? 

Because the particles of the salt are too far asunder 
to exert reciprocal attraction : in other words, they are 
more powerfully attracted by the water, than by each 
other. — Brandt, 

Why does the salt crystallize upon evaporation of part 
of the water? 

Because some of the saline particles then gradually 
approach each other, and they will, according to cer- 
tain laws, become regular solids ; another portion of 
the salt will remain dissolved in the water which is 
left ; this is usually called the mother liquor, or water, . 

There is a great variety in the form of crystallized 
salts, and each salt preserves its own peculiar form 
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thus, common culinary salt generally crystallizes in 
small tubes, and sulphate of soda in six-sided prisms. 

Why do certain salts (called* fre&dng mixtures) con- 
vert water into icef 

Because, as heat is required to convert solids into 
liquids, it follows, that in cases of sudden liquefaction, 
(as when the salts are dissolved in the water) cold will 
ensue: hence its production during the solution of 
many saline bodies, and hence, also, the explication of 
the theory of 'freezing mixtures 

The artificial preparation of ice has occupied much 
of the attention of modern chemists. The most recent 
experiments were made by M. B. Meijlink, who, after 
numerous trials, with different salts, for the purpose of 
converting water contained in a tin vessel into ice, 
during their solution, ultimately gave the preference 
to a mixture of four ounces of nitrate of ammonia, four 
ounces of sub-carbonate of soda, and four ounces of wa- 
ter. This mixture, in three hours, produced ten ounces 
of ice \ whilst, with the mixture of sulphate of soda and 
muriatic acid, he obtained ice only after seven hours. 
— Brande's Journal, 1829. 

Why do many salts, when exposed to the air, effloresce, 
or fau to powder ? 

Because they lose their water of crystallization, 

Why do some salts effloresce more than others 9 

Because some thus completely lose their water; 
while others retain different quantities, according to 
the dryness of the air. 

Why do some salts deliquesce, (or become moist or lie 
quid) by exposure to the atmosphere ? 

Because they attract water from the atmosphere. 

Why are not salt boilers made of cast iron? 

Because the cast iron would crack by the adhesion 
of the salt. 

Why is salt-petre refined by solution in water 1 } 

Because the rough petre, as it is called, is always 

c2 
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contaminated with muriate of soda and other salts. In 
order, therefore, to separate them, the refiners dissolve 
the whole in water, and then, by boiling the solution, 
evaporate a part of the water, and the muriate of soda, 
&c. fall down, while the salt-petre is held in solution. 
When the greatest part of these salts is thus separated, 
the remaining liquor is suffered to cool, and the nitre 
is obtained in crystals. This process illustrates the 
difference which there is in the solubility of salts. — 
Pcwkes. 

Why was nitre used in the composition of Greek-fire ? 

Because it fed or kept alive the sulphur, resin, alco- 
hol, camphor, &c. of which the fire was also composed, 
by conveying oxygen from the atmospheric air to the 
sulphurous gas, and to the sulphur while burning. 
Into this composition, when melted, woollen cords were 
dipped, and rolled up for use. These balls being set 
on fire, were thrown into the tents of the enemy, and 
as the combustibles were furmshed with a constant 
supply of oxygen from the nitre, nothing could extin- 
guish them. 

Why icill a lump of alum in a glass of water, assume 
a pyramidal shape in dissolving ? 

Because, at first the water acts with so much energy 
as to overcome the cohesion of the solid in every di- 
rection; but, as the particles of the alum become 
united with those of the water, the power of the solvent 
diminishes. The particles of water which combine 
first with the alum, become heavier by the union, and 
fall to the bottom of the glass ; and the action at the 
lower extremity ceases, before it is complete at the 
upper. When the action has nearly tenninated, if we 
cfosely examine the lump, we shall find it covered with 
geometrical figures, cut out, as it were, in relief, upon 
the mass ; showing, not only that cohesion resists the 
power of solution, but that, in the present instance, it 
resists it more in some directions that in others ; and 
that when the attraction of the solvent is nearly satis- 
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fied, it is balanced by that delicate modification of 
cohesion, upon which crystalline arrangement depends. 
This experiment beautifully illustrates the opposite 
action of cohesion and repulsion. 

Why is alum used in making candles ? 

Because it gives firmness to the tallow. 

Nitre has very recently been applied to the improved 
preparation of candles, by steeping the cotton wick in 
lime water, in which is dissolved a considerable quan- 
tity of nitre. By this means is obtained a purer 
flame and a superior light ; a more perfect combustion 
is ensured ; snuffing is rendered nearly as superfluous 
as in wax-lights ; and the candles thus made do not 
run, or waste. The wicks should be thoroughly dry 
before the tallow is put to them. — Brewster's Journal* 
1829. 

Why is alum used in salt-drying cod-fish* 
Because it prevents the salt from dissolving. 

Why is alum used for preparing paper for the pre" 
strvatwn qf gunpowder ? 

Because it prevents the bad effects of damp atmo- 
spheric air upon the powder, and preserves the paper 
from readily taking fire. 

Why are the crystals collected in camphor bottles in 
druggists* windows always most copious upon the surface 
exposed to the light? 

Because the presence of light considerably influ- 
ences the process of crystallization. Again, if we 
place a solution of nitre in a room which has the 
light admitted only through a small hole in the win- 
dow-shutter, crystals will form most abundantly upon 
the side of the basin exposed to the aperture through 
which the light enters, and often the whole mass of 
crystals will turn towards it — Brandc. 

Why is there rock salt? 

Because it is supposed to have been deposited by 
the sea, or by salt lakes drying up, which formerly 
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coveted the present continents. Salt strata also 
diminish in thickness as they secede from the sea. 
This is perhaps the most obvious hypothesis, but it 
is liable to many objections, one of which is the enor- 
mous depth of sea water necessary to the production 
of a body of rock salt above forty yards in thickness, 
such as the insulated mountain of rock salt at Cordova, 
in Spain." — Notes on Science. 

The salt mines near Cracow, in Poland, which have 
been worked ever since the middle of the thirteenth 
century, contain an immense store of muriate of soda. 
Eight hundred workmen are employed in them, who 
raise 168,000 quintals of salt annually. Through the 
enormous mass of salt, which presents to the eye, no 
interruption to its saline texture, and at the depth of 
450 feet, flows a stream of pure, fresh, and transparent 
water, which is received in large troughs, where the 
workmen and horses of these subterraneous regions 
quench their thirst As it was impossible that this 
spring could filter through the salt, Nature, who buries 
her masterpieces in the bowels of the deepest moun- 
tains, has placed in this mass a stratum of clay suffi- 
ciently thick to allow the stream of water, destined to 
refresh the workmen, to pass through it in such a 
manner as to be preserved from the salt, of which a 
small quantity would injure its salubrity. — Parkes. 

A series of ingenious models of the Polish salt mines 
was exhibited in London about two years since. 

Why are the flats cut near the sea, on the Kentish 
coast, called salt-pans ? 

Because at high tide they become filled with sea- 
water, which being confined there, the sun evaporates 
it, and leaves salt in the flats, from whence it is laid 
up to dry for use. 

Why is sugar refined by boiling the syrup in a vacuum, 
or place from which the air has been excluded? 

Because this, and all other liquids, are driven off, 
or made to boil at lower degrees of heat when the 



POPULAR CHEMISTRY. 19 

atmospheric pressure is lessened or removed. Thus, 
the process for refining sugar is to dissolve impure 
sugar in water, and arcer clarifying the solution, to 
boil off or evaporate the water again, that the dry 
crystallized mass may remain. Formerly this evapo- 
ration was performed under the atmospheric pressure, 
and a heat of 218° or 220° was required to make the 
syrup boil ; by which degree of heat, however, a por- 
tion of the sugar was discoloured and spoiled, and the 
whole product was deteriorated. 

The syrup, during the process in vacuo, is not more 
heated than it would be in a vessel merely exposed to 
a summer sun. The vacuum is produced and main- 
tained by air-pumps driven by a steam engine, or 
otherwise ; or by the direct admission of steam, which, 
after expelling the air, is condensed into water. — Jirnott, 

By this process more money has been made in a 
shorter time, and with less risk and trouble, than was 
ever perhaps gained from an invention ! 

Why are the vessels for evaporating or distilling in 
vacuo, generally of arched form? 

Because they require to be strong enough to bear, 
when quite empty, the external atmospheric pressure. 
— Jhrnott. 

Why is sugar-candy crystallized on strings, and vtr- 
digris on sticks ? 

Because crystallization is accelerated by introducing 
into the solution a nucleus, or solid body, (like the 
string or stick) upon which the process begins. 

The ornamental alum baskets, whose manufacture 
was once so favourite a pursuit of lady-chemistry, 
were- made upon this principle; the forms of the 
baskets being determined by wire framework, to which 
the crystals readily adhered. 

Why is sugar-candy sometimes in large and regular 
crystals f 

Because the concentrated ayrup has been kept for 
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several days and nights undisturbed, in a very high 
temperature ; for, if perfect rest and a temperature of 
from 120° to 190? be not afforded, regular crystals of 
candy will not be obtained. 

The manufacture of barley-sugar is a familiar ex- 
ample of crystallization. The syrup is evaporated 
over a slow heat, till it has acquired the proper con- 
sistence, when it is poured on metal to cool, and when 
nearly so, cut into lengths with shears, then twisted, 
and again left to harden. 

Why are small, radiant, and tree-like crystallizations 
seen on dirty windows in London ? 

Because of the great number of coal fires in the 
metropolis: these crystals (of sulphate of ammonia, or 
at least, sulphite of ammonia, which becomes sulphate 
by exposure to the air) being an abundant product of 
the combustion of coal. — Brande. 

Why do some springs petrify objects by their spray $ 

Because their water is impregnated oy means of its 
carbonic acid, with a large portion of carbonate of 
lime, which it deposits on issuing into the air. At 
Clermont, in France, there is > such a spring, where 
Mr. Scrope saw the stuffed skins of a horse and a cow, 
birds, fruit, flowers, &c. undergoing this petrifying 
process. Its incrustations have also formed an ele- 
vated natural aqueduct, 240 feet in length, and ter- 
minating in an arch thrown across the stream it orig- 
inally flowed into, 16 feet high and 12 wide. — Scropes 
Memoir on the Geology of Central France. 

Why isfluor spar so called ? 

Because it has the property of increasing the fusi- 
bility of other mineral substances. It has also been 
called vitreous spar, because when fused it has the 
appearance of glass. 

HEAT. 

Why is heat considered one of the chief agents in 
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Because its most obvious sources are chiefly referred 
to the general head of chemical combination. Thus, 
fire, or the combustion of inflammable bodies, is no- 
thing more than a violent chemical action attending 
the combination of their ingredients with the oxygen 
of the air. Animal heat, is, in like manner, referable 
to a process bearing no remote analogy to slow com- 
bustion, by which a portion of carbon, an inflammable 
principle existing in the blood, is united with the 
oxygen of the air in respiration, and thus carried off 
from the system : fermentation is nothing more than 
a decomposition of chemical elements loosely united, 
and their reunion in a more perfect state of combina- 
tion. Friction, as a source of heat, is well known: 
we rub our hands to warm them, and we grease the 
axles of carriage-wheels to prevent their setting fire to 
the wood. Again, Count Rumford has established 
the extraordinary fact, than an unlimited supply of 
heat may be derived by friction from the same mate- 
rials.— J. F. W. HerscheL 

Savages light their fires by rubbing two pieces of 
wood: Count Rumford made great quantities of water 
boil, by causing a blunt borer to rub against a mass 
of metal immersed in the water ; and Sir Humphry 
Davy quickly melted pieces of ice by rubbing them 
against each other, in a room cooled oelow the freez- 
ing point. Instances have occurred, where whole 
forests have been burned down by fires kindled from 
the violent friction of the branches against each other 
by the wind. 

Why is it conjectured that there is a difference between 
solar and terrestrial heat ? 

Because the rays of the first pass through glass 
without heating it, while the rays of the latter are 
stopped by the glass, which becomes hot when opposed 
to them. 

Why may heat be considered as a power opposed to 
attraction? 
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Because it tends to separate the particles of bodies ; 
and whenever a body is heated, it is also expanded. — 
Brandt. 

Why is the term caloric used? 

Because it may distinguish the cause of heat from 
the sensation which we call by the same name ; but 
the terms caloric and calorific fluid seem to imply the 
material nature of heat, which has not yet been 
proved. 

Why is caloric considered a subtle material fluid, the 
particles of which mutually repel each other ? 

Because this supposition appears to give a plausible 
explanation of most of the phenomena dependent upon 
heat, as the expansion, fusion, and vapourization of 
bodies, on the idea that the particles of caloric when 
interposed between the particles of bodies, in sufficient 
quantity, produce these effects. It is natural to sup- 
pose when a body is enlarged in bulk, that the en- 
largement is occasioned by the introduction of the 
particles of other matter, by which the particles of the 
expanded body are repelled to a greater distance from 
one another; and this repulsion becomes so great, in 
consequence of the introduction of a large quantity of 
heat, as to enable the particles of solid bodies to assume 
the fluid, or aeriform states. 

There are, however, other theories of the nature of 
heat ; but the question remains undetermined ; and it 
is fortunate that most of the phenomena connected 
with the operation of heat, may be explained equally 
well upon either theory. 

Why is heat called latent? 

Because, when heat liquefies a solid, or converts a 
liquid into vapour, the liquid or the vapour is no 
hotter than the solid or liquid from which it was pro- 
duced, though a great deal of heat has been expended 
in producing this effect, and has actually entered into 
the substance. Hence it continues to exist in the 
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ntninmg it in its new slate without in- 
temperature, and is thus latent or 
hidden. This groat discovery whs made by Dr. 
Black, who further proved, that when the vapour con- 
denses, or the liquid freezes, this latent heat is again 
given out from it. 

Why does water thrown upon a fire so powerfully 
repress it ? 

Because of the great quantity of heat latent in 
steam ; — hence, again, why fire and water are so often 
adduced pruverljiatlv :i~ liinii-luiig u striking contrast. 
— JtrnotL 

Why data ironbecomc nil-hot hy hammering? 

Because of tlio condensation of the metal by the 
force of the blow. Air may also be condensed by 
pressure, so as to set tinder on fire. 

Why are inorganic bodks, such as gold, iron, Ift. 
found in all parts of the globe? 

Because ihoy have no direct dependence, in the 
present state of tlie earth, at least, on the solar heat, 
or its consequences ; whereas organic, or living mat- 

Why does ice, when heated, become rooter; and the 
Kaler, when lieaied further, heeame steam ? 

Because the continued addition of heat gradually 
increases the mutual distance of the constituent 
atoms of the ice, and their cohesive attraction is over- 
come ; till, at length, the atoms are repelled to still 
greater distances, and the substance is converted into 
Menm ! Abstraction of heat causes return of states 
in the reverse order ; (he steam when cooled again, 
:r as before, and the water, when cooled, 



Why dam a pint of icnti r. idiot ronvrrfrtt into steam, 
lecupy nearly 2000 times the space of the water? 
Because the heat merely produces a repulsion 
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among the particles, and by no means fills up the 
interstices. — Jtrnott. 

Why are air-expansion engines so much more power* 
ful man steam-engines ? 

Because heat, when used to dilate air, produces 
about four times the quantity of expansive power that 
it does when used to form steam. 

Why is not high-pressure steam issuing from a boiler 
heated perhaps to 300° not hotter than low-pressure 
steam from a boiler at 212° ? 

Because, in the instant when the high-pressure or 
condensed steam escapes into the air, it expands until 
balanced by the pressure of the atmosphere ; that is, 
until it become low-pressure steam, and it is cooled 
by the expansion, as air is cooled on escaping from 
any condensation. 

Why does not a generator, if cracked tchen very hot, 
immediately let out the vapour or water* 

Because the heat repels the water and vapour to a 
certain distance from the metal, and, virtually, stops 
the crack, until the temperature is allowed to fail, 
when the rush of steam by the crack is tremendous. 
Mr. Perkins, in reasoning upon this effect, says: "The 
repulsive power of the heated metal is sufficient to 
retain the vapour and the water equally distant ; for, 
what else is vapour than water in a state of ex- 
pansion T* 

Why does a Prince Ruperfs Drop fly to powder on 
being simply broken ? 

Because it is a lump of glass let fall, while fused 
into water, and thereby suddenly cooled and solidified 
on the outside, before the internal part is changed; 
then as this at last hardens and would contract, it is 
kept extended by the arch of external crust to which 
it coheres. Now, if a portion of the neck of the 
lump be broken off, or if other violence be done, 
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Madder, tied at the laoiifh, and held 
before a fire, gradually smell mid appear fully inflated 1 ! 
Because the ^iiiiill unmiiilv <A' air f-nnluiued in the 
bladder is then so much dilated by the heat, that it 
occupies a considerably increased space, and fills the 
bladder, of wliich it before occupied only a small 

JVhy dues change of temperature retard or kasten tht 
decomposition, of dead vegetable and animal substances ? 

Because the function? of life ln-jiti; in I tnhinalioti, 

to form the curious textures of organic or Iwing bodies, 
chiefly four substances, viz. carbon, or coal ; the in- 
preiliciits fit* water, m oxygen and hydrogen; and lastly, 
nitrogen ; — wliich substances, when in the proportions 
found in such bodies, hare but alight attraction for 
each other, and all of which, except the carbon, 
usunlly exist as airs. Their connexion, therefore, is 
easily subverted, and particularly by a slight change 
of temperature, which either so weakens their mutual 
hnhlas to allow new arrangements to be formed, or 
altogether disengages the more volatile of them. — 
Jh-nott. 

Why is iron preserved from rust by dipping it wlten 
at a dull red heal, into water, anil then into linseed oil? 

Because the first part of the process frees it from the 
seales and extraneous matter, and the remaining heat 
disposes it to receive the oil, which forms a varnish, 
and filling up all the minute interstices of the surface, 
prevents any rust. 

Why do docks and watches vary in their rale of going? 

Because of the expansion and contraction of the 
metals of which they are constructed. Thus, in regu- 
lating the length of the second's pendulum, an exact 
acquaintance with the dilatation of metala, is eaaen- 
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tial ; for when the bob is let down a hundredth part of 
an inch, the clock loses ten seconds in twenty-four 
hours ; hence, a thousandth part of an inch will cause 
it to lose one second per day, and a change of tem- 
perature equal to 90° of Fahrenheit will alter its 
length about one five thousandth part, and occasion an 
error in the rate of going, of eight seconds^ per day. 
Variations of temperature also occasion variations in 
the balance-wheels of watches, which are obviated by 
various compensating apparatus. 

Why does a compensation balance prevent ike effects 
of expansion or contraction ? 

Because it consists of interrupted concentric rings 
of different metals, joined together, so that the expan- 
sion of one counteracts the expansion of the other. 

Why do the iron hoops of breioers' casks bind with such 
great force? 

Because those which are at first made too small to 
fit, are heated until they are sufficiently enlarged; 
they are then driven on, and suddenly cooled, by 
throwing water upon them; the contraction of the 
iron which ensues on cooling, bringing the parts of 
the vessels in closer contact than they could easily be 
brought by other means, and fixes the hoops firmly 
round them. 

Why does hay, if stacked token damp, take fire? 

Because the, moisture elevates the temperature suf- 
ficiently to produce putrefaction, and the ensuing 
chemical actiOh causes sufficient heat to continue the 
process 1 5 the quantity of matter being also great, the 
heat is proportional. 

Why are concave mirrors employed as burning-glass- 
es? 

Because they collect the heat of the sun's rays from 
the whole of its surface to a single point, thus accu- 
mulating a very great degree of heat, for the com- 
bustion and fusion of various natural substances, that 
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are fumble in the greatest heat capable of being 
produced from ordinary fire. By this means, Drs. 
Harris and Desaugliers melted a silver sixpence in 
seven seconds and a half; a copper halfpenny melted 
in sixteen seconds, and liquefied in thirty-four seconds ; 
tin was melted in three seconds; and a diamond 
weighing four grains, lost seven-eighths of its weight 
Biinon also, with the faint rays of the sun in the 
month of March, set on fire boards of beech-wood at 
a hundred and fifty feet distance ; and at another 
time, silver was thus fused at fifty feet distance. 

Why are not u inflammable" and " combustible" sy- 
nonymous terms ? 

because all metals are combustible ; that is, capable 
of igniting with oxygen: but they will not burn in 
atmospheric air, and are therefore not called inflam- 
mable. * 

Why does the thermometer enable us to ascertain de- 
grees of heat ? 

Because the fluid ascends in the tube on being ex- 
panded by heat, and thus marks the degree. 

Why is mercury preferred in thermometers ? 

Because the range of temperature between its 
freezing and boiling points is very considerable ; and 
its expansion within that range, tolerably equable.-— 
Brande, 

Why have thermometers freezing and boiling points ? 

Because they denote the points in the tube at 
which the mercurial column stands when cooled to the 
freezing, and heated to the boiling, of water. For this 
purpose, the instrument is immersed in melting ice or 
snow, and permitted to remain there for some time, 
until the quicksilver becomes stationary at one place, 
which is the freezing point ; a mark is made at that 
point upon the glass. If the instrument remains for 
some time in boiling water, the mercury after having 
ascended through a large proportion of the tube, be- 
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comes stationary at 0110 place which is the boi u 
jwtni. It is believed that Fahrenheit took his zero, op 
commencement of Ms seulo from the degree of cold 
produced by mixing snow and common salt; that 
being the greatest degree of cold known in his time ; 
although a considerably groaier decree uf cold may 
be produced by mixing tJie same or other ingredients. 
Why i/vfs li"ii:ii,iii-'.t tin nuomcter differ from Fah- 

rtnhe&ii? 

Because Reaumur divides the space between the 
boiling and freezing points intn 80 degrees, placing 
zero at freezing, and the 60th degree at the boiling 

Fahrenheit divides the samo space into 180 de- 
grees ; but the cipher ((I) he places 39 degrees below 
the freezing point (the cold of n mixture of snowand 
common salt) so that ihi- freezing point is at 33° and 
the boiling point at 212°. 

Reaumur SO^JISO^ Fahrenheit 

2j" of Fahrenheit — equal to 1° 
of Reaumur. 
Plus 20° of Reaumur is 30° multiplied by 24=45 
add 32 a =77" of Fahrenheit. 

Why are spirit thermometers preferable for measur- 



ingvery low temperatures 

Because spirit never freezes, whereas the low tem- 
perature at which it iKiila, renders it unfit for measuring 
high temperatures. 

Why do dogs and other animals put out their long 
moist tunu-uts in hot weather? 

Because, when riim-li heated, they eannol throw off 
or diminish their natural covering, and have only the 
above means of increasing the evaporation from their 
bodies. 

Why, mi the Jhctic Regions, are the watery parts of 
brandy frozen, while a very small quantity of strong 
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Spirit is left in the fluid state vn the interior of the 
mass? 

Because the cohesion of the particles of water is so 
much more increased by the cold than that of the par- 
ticles of the spirit 

Wbfl is a pyrometer so called? 

Because of its origin from two Greek words sig- 
nifying measure of fire; it being used to ascertain the 
degrees of heat in high temperatures, and including a 
range of nearly 32,000 degrees of Fahrenheit 

Why does metal feel cold when touched? 

Because it readily carries off the heat of the body ; 
all metals being good conductors of heat 

Why are certain bodies catted good and bad conduc- 
tors of heat? 

Becaus% when exposed to the same source of heat, 
they suffer it to pass through them with different de- 
grees of velocity; or they have various conducting 
powers with regard to heat. Good conductors, when 
touched, occasion a greater sensation of heat and cold 
than bad ones. When the body feels cold, the caloric 
is passing out of it into the neighbouring object : when 
the body feels warm, it is receiving heat 

Why are persons enabled to remain in a heated oven, 
wherein meat is baking ? 

Because of the rarity of the air, its weak conducting 
power, and its small capacity for caloric, which explain 
how a person can exist in so warm an atmosphere. 
The wool dresses which persons usually wear on such 
occasions, are also bad conductors of heat 

Sir C. Blagden, secretary to the Royal Society about 
thirty years since, remained, accompanied by a female 
dog; during eight minutes, in an oven heated to 100° 
of Reaumur, 20° above the point at which water boils ; 
water, although covered with oil, boiled close to him ; 
and in thirteen minutes, the hot air being concentrated 
by a pair of bellows, some beef was dressed in the 

n3 



I 

1 



same place. Two French academicians, of the last 
cemiity, sow at Larochcfoucault a man, who, from 
habit, supported during tea minutes the heat of an 
oren, in which fruits ami meats were cooked; they 
found iht: hi>at to lie 1 12" of Reaumur, :13 above tlwl 
of boiling water. The rarity of tlie air, its weak con- 
iliii'iin^ | ii i wcr, mill it? si i mil r;i|nn'iij for calorie, serve 
to explain how a twrsoti can exist in so warm an at- 
mosphere. It is by its action upon the skin, and the 
which ensue from that, thai lire becomes 



injurious. Now the "Fire King," who exhibited him- 
self in London last spnLijr, was wrapped up in wide 
pantaloons, of red wool, a loose mantle also of wool, 
and wore on his head n great quilted felt rap; and 
the wool being a bad conductor i'f l»'.il, this wonder- 
working genius -in m LI nwiiki.-n the astonishment of the 
ignorant alone. 

Ifhy are porous or spongy substances, as feathers, 
JUeey mailer, fyc. bad conductors of heal ? 

Because, in great measure, of the quantity of air 
which they have in their structure ; air being, probahly, 
the worst conductor known, that is, the substance 
which, when at rest, impedes the passage of heat the 
most.— Arnatt. 

Why does a drop of water roll about on a red-hot 
iron without evaporation? 

Because its surfed' becomes so highly polished as 
to reflect all the heat If the heat be less, the water 
penetrates the pores of the oxidated iron, and losing 
its polish is evaporated. 

Why is water frozen in a vessel from which the air 
has been pumped out, and which contains bodies thai 
quickly absorb its vapours ? 

Because the evaporation of the water is thus acce- 
lerated — the heat required for the conversion of one 
portion of the water into vapour, being taken from the 
Other portion, whicli is thus reduced to ice. 
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and flabby meal unfit for tooling) 

Because, after the rigidity ban totally ceased, animal 
flesh soon experiences the commencement of those 
chemical changes which terminate in putrefaction. 

Why do confectioners melt ice iciih common salt ? 

Because they thus produce cold uiucli greater than 
that of the original ice. 

Why do not springs freeze '! 

Because the earth conducts cold or heat but slowly, 
and the most intense frosts penetrate hut a few inches 
into it ; the temperature of (he ground, a few feet be- 
low its surface, is nearly the same all the world over. — 
Arnott. 

Why ore many of the. golhic halls and cathedrals cool 
in rummer and warm in winter ? 

Because, in proportion as buildings are massive, they 
acquire more of those cpmlities, which have just been 
noticed, of our mother-earth.. — Arnott, 

Why is the degree of cold greater the farther tee re- 
move from the earth's surface ? 

Because the air is not heated immediately hy the 
rays of the sun passing through it; but on their meet- 
ing with aii opaque (or dense) body, as the earth, their 
heat is elicited, ami ilnnce gradually communicated 
to the surrounding atmosphere. 

In winter, the earth, at eighteen inches depth, is 
warmer than the air; in summer, the air is warmer 
than the eartli at that depth : these effects are owing 
to the earth being a bad conductor of heat, — Parkes. 

Why do the. Swiss peasants, when (hey wish to sow 
their seed, spread black, cloth on the surface of the 

Because it may absorb die sun's rays, and facilitate 
the melting of the snow. Dr. Franklin, to exemplify 
the effect of the different colours in alraorbing heat, 
covered snow with pieces of cloth of different colours. 
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at a time when the sun was shining fully upon me 
snow. Having done so, he observed that the snow 
under the black cloth was melted first, then that under 
the blue, then under the brown, whilst that under the 
white cloth was very inconsiderably melted. 

Why are the heights of mountains calculated by At 
temperature at which water boils upon their summits 1 ' 

Because, if we diminish atmospherie pressure! we 
lower the boiling point. Thus, water, under mean at- 
mospheric pressure of 30 inches of mercury, boils in a- 
metallic vessel at 212*. At the top of Mont fifanoj? 
Saussure found that it boiled at 187°, from the atmosy . 
phere being less dense there than below. 

Why is the air warm in misty or rainy weather? 
Because of the liberation of the latent heat from the 
precipitated vapour. 

Why is heated air thinner or lighter than cold air? 

Because it is a property of heat to expand all bodies ; ' 
or rather we should say, that we call air hot or eold, 
according as it naturally is more or less expanded. 

Why is a tremulous motion observable over 
pots, and slated roofs which have been heated by 
sun! 

Because the warm air rises, and its refracting power 
being less than that of the colder air, the currents are 
rendered visible by the distortion of objects viewed 
through them. 

Within doors, a similar example occurs above the 
foot-lights of the stage of a theatre ; the flame of a 
candle, or the smoke of a lamp. 

Why are the gas chandeliers in our theatres plated 
under a large funnel ? 

Because the funnel, by passing through the roof into 
the outer air, operates as a very powerful ventOator, 
the heat and smoke passing off with a large proportion 
of the air of the house. 
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The ventilation of rooms and buildings can only be 
perfectly effected, by suffering the heated and foul air 
to pass off through apertures in the ceiling, while fresh 
air, of any desired temperature, is admitted from below. 
—Brandt. 

Why is the atmosphere of theatres, and other crowded 
places, prejudicial to health ? 

Because it has been found, that in a theatre, from 
the commencement to the end of the play, oxygen or 
vital air is diminished in the proportion of from 21 to 
27, or nearly one-fourth, and is in the same proportion 
leas fit for respiration than before.~Lavoisier. 

Why are awing-beUs restricted in their descent to 
ten or twelve fathoms ? 

Because of the density, and more especially the 
heat, of the air, although renewed by forcing pumps, 
becoming insupportable. 

Why does the bark of trees resemble clothing? 

Because it allows the heat to pass from the tree but 
slowly, and secures, therefore, the temperature neces- 
sary to vegetable life. 

That caloric is as necessary for the support of vege- 
table as it is for that of animal life, may be proved by 
direct experiment. If, in the middle of winter, a hole 
be bored in a tree, and a thermometer put into it, it 
will be seen that the tree is many degrees warmer than 
the atmosphere. 

Why does the effect of wind, or motion of the air, 
quicken evaporation? 

Because it removes air saturated with the moisture, 
and substitutes air which is not, thus producing nearly 
the case of the substance placed in a vacuum. 

Why do liquids evaporate neither so rapidly nor so 
greatly in air, as in a vacuum? 

Because the presence of the air impedes the spread- 
ing from the liquid surface of the newly-formed va- 
pour, and keeps it where its pressure resists the forma- 
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lion of more vapour; and, because tlie air in contact 
wild a liquid, shares its higher temperature with the 
liquid, fc-till, in India, flat dishes of water, placed 
through tin; night on beds of twigs and straw, kept 
wet, and in a current of air, soon exhibit thin cakes of 
ice — and thus ice is procured in India, for purposes of 
luxury. — Arnott. 

Why do hutted sea-Band and soda farm glassf 

Because, by healing the mixture, the cohesion of 
I lie pavli'-les nlVm-h si iWslaiice to those of its own kind 
is so diminished, that the mutual attractions of the two 
Bulistauces come into piny, melt loj.'other, and unite 
chemically into the Lmniitil'iil compound tidied glass. 

Why is sand used in glass9 

Because it serves for stone ; it being said, that all 
white transparent stones which will not burn to lime 
arc lit to make glass. 

Why do cracked glass vessels allow liquors to escape 
more or less ? 

Because of the various fissures, which arc distin- 
guished into lour kim Is. Tin: lirsi. are such, lhat the 
liquid contained in tin; broken vessel escapes through 
them into the nir. The second are such as retain the 
liquid, unless the vessel Ixj immersed in water, or a 
fimihu- liiiul, (iiid it 10.11 the levels of the two portions of 
the fluid, tend to approach each other. The third are 
not permeable, (or, to be passed through) unless the 
fluids on opposite sides have a chemical action on each 
other: this is also tin.; . ■flirt produced by the mem- 
brane of the bladder. The fourth kind are so fine, 
that no fluid passes, except in a single case. — JYscaer. 

Why is fine table-glass very liable to wear and da- 

IlocausiM.pf the ifrciit quantity nf oxide of lead which 
it contains, to give it more density and refractive 
power. Its disnilvnnljiges are exireme softness, great 
inability, and liability to bo corroded by acids. A 
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ajB&ixsn&Se quantity of this oxide is contained in that 
glass used for lustres, for artificial gems, and for most 
optical purposes. The superior appearance of Gui- 
uond's Swiss Hint-glass is attributed lo the quantity of 
uiide of lead which it contains. 



Why is electricity so called ? 

Because of its origin from electron, tho Greek name 
of amber, — the phenomena. displayed by rubbing a 
piece of amber, being the first physical fact recorded 
io the history of science. 

Electricity investigates the attractions and repul- 
sions, the emission of light and ("iploMoim, which are 
produced not only by the friction of sitreous, resinous, 
and metallic surfaces, hut by tlnj heating, cooling, eva- 
poration, and mutual contact of a vast number of 
bodies. 

Why are certain bodies colled conductors of eledn- 
cflw? 

Because they suffer electrioity to pass through their 
substance. The metals are all conductors; according 
to Mr. Harris, {PhU. Trans. 1827) silver and copper 
are the best conductors ; (lion »nl'l, ziiK, iinri |>liiliniiin, 
iron, tin, and lead. Well burned charcoal and plum- 
bago also conduct. 

Why art other bodies culled non-conductor*? 

Because they only receive, el ec trie ity upon the spo 
touched. Dry air, glass, sulphur, resins, and oils, are 
non-conductors. Water, damp wood, spirit of wine, 
damp air, some oils, and most animate and plants, are 
imperfect conductors. 

Why ham different bodies various conducting powers 
for tltctricUy f 

Because their degree depends on the quantity of 
electricity which traverses them ; so that of two con- 
ducting bodies, that which is the best for one electric 
current, may be the worst for either a stronger or a 
Weaker currenL— Professor Delarwe, of Geneva. 



Why are the phenomena of electricity tailed negative 
and positive ? 

Because, Franklin, observing that the same electri- 
city was not inherent in the siiine body, hut that glass 
sometimes exhibited ilic same phenomena as wax, and 
wax as glass, instead of regarding the phenomena u3 
dependent upon two electric fluids, referred them to 
tin. 1 presence nl' one fluid, in excess in some cases, and 
deficient in others. To represent these states, he used 
the terms plus nut] minus, positive and negative. Thus, 
when glass is rubbed with silk, a portion of electricity 
leaves the silk and rulers tin- "hi:" ; it becomes positive, 
therefore, and the silk negative : but when seal iug- wax 
is rubbed with flannel, the wax loses and the flannel 
gains; the former, therefore, is negative, and the latter 
positive. All bodies in nature arc thus regarded as 
containing the electric fluid ; and when its equilibrium, 
is disturbed, they exhibit the phenomena just des- 
crilied. — Brande. 

Why dots an electrical machine product flashes and 
sparks of light, when the plate or cyhnder is turned ? 

Because, it is conjee tu roil, of the sudden compres- 
sion of the air, or medium, through which the electri- 
city passes: it is, probably, always attended by a pro- 
portionate elevation of temperature, as is shown by the 
power of the spark to influence spirits of wine, fulmi- 
nating silver, and other easily inflammable compounds. 
— Brande. 

Why u-Ut a feather adhere to rubbed or excited sealing- 
wax, and then fall off t 

Because it is attracted by, and remains in contact 
with, the wax, till it has acquired its electricity, when 
it will be repelled, and in that state of repulsion, it 
will be attracted by an excited glass tube. 

Why dots the appoint, ice if fkdritftre vary? 

Because of the different density of the medium 
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through which it posses. Thus, in common air, short 
sparks are straight, or nearly so, and long ones zig-zag ; 
the former are brilliant, especially at their extremities 
the latter usually of a paler or redder hue. In con- 
densed air, the electric spark is bright and white ; in 
rarined air it is of a reddish tinge, and faint and 
divided ; in the more perfect vacuum of a good air- 
pump, it is of a purplish hue, and only visible in a 
dark room. In the most perfect vacua which can be 
obtained, it is scarcely visible, and of a greenish tint. 
In different gases the electric spark appears most bril- 
liant in those which are most dense ; in hydrogen gas 
it is faint and red ; in carbonic acid it is vivid and 
wfcite. — Brande. 

Why is the electrical shock produced at the joints of 
the fingers, the elbows, shoulders, and chest, by holding 
the discharger of a Ley den phial ? 

Because there is an accumulation of electricity 
within the phial, which consists of a thin glass jar, 
coated internally and externally with tin-foil, to within 
a short distance of its mouth. When the inner sur- 
face is rendered positive by union with the conductor 
of the electrical machine, the exterior, being connect- 
ed with the ground, becomes negative by vicinity or 
position. When the inner and outer surfaces are 
united by a conductor, all electrical accumulation is 
annihilated by a powerful spark, and the two opposite 
states are found to have been precisely equivalent 
Metallic wires, with balls at their ends, bent or jointed, 
and fixed to a glass handle, are generally used to 
transfer the electric charge, and these instruments are 
called dischargers. A pane of glass, coated upon both 
sides to within an inch of its edges, with tin-foil, 
exhibits precisely the same phenomena as the phial ; 
but it is a less convenient form of the apparatus. — 
Brande. 

Why does the aura [or toind of an electrical machine) 
blow out a candle 2 

part v. i 
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Because of the rapid succession of the electrified air. 
This effect is felt upon holding the hand near the 
point of a wire affixed to the conductor, when a pecu- 
liar coldness is perceived. It communicates motion 
to light bodies, as is seen in electrical fly-wheels, and 
in models of mills, orreries, and other amusing electro- 
mechanical apparatus. 

Why is an arrangement of several Leyden jars catted 
an electrical battery ? 

Because by a communication existing between all 
their interior coatings, their exterior being also united, 
they may be charged and discharged as one jar. 

The discharge of the battery is attended by a con- 
siderable report, and if it be passed through small 
animals, it instantly kills them ; if through tine me- 
tallic wires, they are ignited, melted, and burned; 
and gunpowder, cotton sprinkled with powdered resin, 
and a variety of other combustibles, may be inflamed 
by the same means. 

Why is light produced in the empty part of a baro- 
meter tube, token it is shaken in a dark room ? 

Because the glass becomes electrified by the fric- 
tion of the mercury. Even the friction of air upon 
class is attended by electrical excitation : for it has been 
found, that by blowing upon a dry plate of glass, with 
a pair of bellows, it acquired positive electricity. 

Why is a plate of zinc, when brought into contact wiih 
one of copper, or silver, found, after removal, to be posi- 
tively electrical, and the silver or copper left in the oppo- 
site state? 

Because of the electrical excitation by contact of the 
different metals, the most oxidizable (liable to rust) me- 
tal being always positive in relation to the least ox- 
idizable metal, which is negative ; and the more oppo- 
site the metals in these respects, the greater the elec- 
trical excitation; and if the metals be placed in the 
following order, each will become positive by the con- 
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tact of that which precedes it, and negative by the con- 
tact of that which follows it, and the greatest effect 
will result from the contact of the most distant metals. 

Platinum 

Gold, 

Silver, 

Mercury, 

Copper, 

Iron, 

Tin, 

Lead, 

Zinc. 

Why are brass cocks in leaden cisterns corroded~at 
the junction? 

Because of the chemical effects of the contact of 
the metals. In like manner, the places where solder 
Is applied are liable to depositions from the water. 
Iron railings are apt to be decayed and dissolved, 
where lead is used to fix them in stone cavities ; and 
where iron is employed in fixing a bronze statue, my 
friend Mr. Chantrey (observes Mr. Brande) informs 
me mat it prevents the acquisition of the desirable 
green rust. 

a Why have copper been substituted for iron naUs and 
pins in fastening Sheets of copper to ships* bottoms f 

Because the galvanic action produced by the union 
of the two metals, iron and copper, was a great cause 
of destruction; and copper nails and pins, although 
not so strong, are not attended with the same incon- 
venience. 

The last experiments which engaged Sir Humphry 
Davy's attention to any extent, were on this application 
of electrical combinations, for the purpose of preserv- 
ing the copper sheathing of ships* bottoms. To this 
subject Sir Humphry Davy gave much of his time, 
and personally inspected all the boats and vessels 
on which the trials were made. Although the theory 
upon which they were conducted proved eminently 
correct, no advantage could be ultimately taken of the 
plans which it suggested. The saving of the copper 

e2 
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was wholly counterbalanced by an accumulation of 
shell-fish and sea-weed on the sheathing, which became 
sufficient, in a short time, to prevent the proper com- 
mand of the ship at the helm* 

Why is electricity supposed to consist in a rare, subtle, 
and highly elastic fiuiaf 

Because a fluid of this kind, when, accumulated in 
excess in bodies, tends constantly to escape, and seeks 
a restoration of equilibrium by communicating itself 
to any others where there may be a deficiency ; thus, 
in its tendency to expand and diffuse itself, pervading 
with more or less facility the substance of conductors, 
but obstructed and detained from expansion more or 
less completely by non-conductors. It also appears 
that all electrical phenomena are explicable on this 
supposition. 

Why is animal electricity also called galvanism ? 

Because of its discovery by Galvani, by the accidental 
suspension of recently killed frogs, by copper hooks, to 
me iron palisades of his garden, when he observed con- 
vulsive movements in the limbs of the animals, which 
no known principle could explain. Galvani, at length, 
ascribed these muscular movements to a series of dis- 
charges of a peculiar electricity, inherent and innate 
in living beings. 

Why were the phenomena just mentioned, called Voh 
taic eUdricity? 

Because Volta proved that they proceeded from the 
contact of the two dissimilar metals (of the hooks and 
palisades) copper and iron, producing such a disturb- 
ance of the electrical equilibrium as was sufficient to 
affect the most delicate of all electroscopes, (measures 
of electricity) the irritability of a newly-killed fro$ 
though it was insensible to every electroscope of human 
construction. Galvani, however, proved that muscu- 
lar convulsions could be produced in the limbs of dead 
frogs, altogether independent of metals. 
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ias of late years given birth to improve- 
ments tliat hnvo changed ill'-' lace of chemical phi- 
losophy. One of iis most brilliant results is thus 
beam iii illy illustrated in a Treatise "on (he ohjeuca, 

advantages, run I plrasuresof seieiii'i'," attri hilled to the 
present Lord Chancellor: — "It is to the results of (he 
remark accidentally made upon Hie twitching ill the 
frog's leg*, not, lnmcvcr, hastily iH^riNss-'*) and for- 



:o with tiit! extraordinary metal, liquid-like 
mercury, lighter than water, and more in Ha an Liable 
I ]un phosphorus, which tonus, when it burns, by mere 
exposure to the air, one of the sails host known in 
commerce, and the principal ingredient in saltpetre.'' 
IVky iea.1 the Voltaic pile first co-nshucled'i 
Because a slender rod of silver and of zinc, touch- 
ing each other at one of their ends, and at the other 
brought into contact with die nerve and muscle, or 
spine and toes of a dead frog, having excited powerful 
coDVulsioufl, it oorurred to Volts that a repetition, on 
a more extended siirluc, of that simple series of two 
moials and moisture, mifihl |M'odneen combined efti'ct, 
eaptililo oi' being fell by (in? human hand. Hence, he 
constructed, lij |-« -tr 1 1 1 n i ■ ii In- millions, of silver, zinc, and 
moistened clulh or pastelmnrd, in a columuur lbnu, 
(he eleelro-i'le-mii'dl pile atnl tiattery. The Ix'st. form 
of (he Voltaic insirnmenl is. liowever, that of a trough 
of earthenware, with divisions of I he same material, 
(lo In- filled with dilute aeid); and ihe melallie plates 
are altacbed to a bur of wood, so that they can be. 
immersed and removed at one operation. Such in 
the great apparatus of the Royal Institution, the most 
powerful battery yet constructed in ehctro-cheiitical 
inttasUu. The whole (surface is J 38,000 square inches. 
Mr. Fepy's likewise eonsmicled a battery of 2000 
platen for the London institution; and Mr. Children 
constructed a vast apparatts, the plates of which 
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were two feet eight inches wide, and six feet high. 
They were fastened to a beam suspended by counter- 
poises from the ceiling of his laboratory, so as to be 
easily immersed into, or withdrawn from, the cells of 
the acid. — Brande. 

There are six great eras in electro-chemical science: 
— 1. Its first discovery by Galvani. 2. Volta's disco- 
very of the contact of dissimilar metals disturbing the 
electric equilibrium. 3. Volta's invention of the pile. 
4. The chemical power of this instrument first observ- 
ed by Messrs. Carlisle and Nicholson, in the decompo- 
sition of water. 5. The identity of these chemical 
effects with those producible by common electricity, 
first discovered and demonstrated by Dr. Wollaston. 
And, lastly, the general laws of electro-chemical de- 
composition and transfer, revealed by Sir Humphrey 
Davy in a series of memoirs equally remarkable for 
genius and industry. — Ure. 

Why is electricity continually active in nature ? 

Because general changes in the form and consti- 
tution of matter, are connected with its electrical 
states. 

Why does it lighten ? 

Because of the accumulation of electricity in the 
clouds : hence it is, in philosophical parlance, called 
the electric fluid. 

The discharge of electricity in a thunder-storm, is 
sometimes only from cloud to cloud ; sometimes from 
the earth to the clouds; and sometimes from the 
clouds to the earth, as one or other may be positive or 
negative. When aqueous vapour is condensed, the 
clouds formed are usually more or less electrical ; and 
the earth below them being brought into an opposite 
state, a discharge takes place when the clouds ap- 
proach within a certain distance, constituting light- 
ning. — Brande, 

Whey does it thunder ? 

Because of the undulation of the air, produced by 
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the electric discharge just mentioned ; thunder being 
more or lees intense, and of longer or shorter duration, 
according to the quantity of air acted upon, and the 
distance of the place where the report is heard from 
the point of the discharge. 

Mr. Brande, from, whom we quote this explanation, 
gives a further illustration of this idea : — " Electrical 
effects take place in no sensible time: it has been 
found that a discharge through a circuit of four miles 
is instantaneous ; but sound moves at the rate of about 
twelve miles in a minute. Now, supposing the light- 
ning to pass through a space of some miles, the explo- 
sion will be first heard from the point of the air 
agitated, nearest to the spectator; it will gradually 
come from the more distant parts of the electricity, 
and, last of all, will be heard from the remote extre- 
mity: and the different degrees of the agitation of the 
air, and likewise the difference of the distance, will 
account for the different intensities of the sound; and 
its apparent reverberations and changes." 

Sir H. Davy, in his Elements, says: "In a violent 
thunder-storm, when the sound instantly succeeds the 
flash, the persons who witness the circumstance are in 
some danger; when the interval is a quarter of a mi- 
nute, they are secure." 

Wky art pointed conductors fixed as safeguards to 
buildings? 

Because the fluid or lightning may be attracted and 
circulated along them, and thus kept from injuring 
the building, tiS at length it reaches the earth as a 
common reservoir. 

In these cases, the conducting rod or rods should be 
of copper or iron, and from half to three-fourths of an 
inch m diameter. Its upper end should be elevated 
three or four feet above the highest part of the build- 
ing, and all the metallic parts of the roof should be 
connected with the rod, which should be perfectly con- 
tinuous throughout, and passing down the side of the 
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building, penetrate several feet below its foundation, 
so as always to be immersed in a moist stratum of soil, 
or, if possible, into water. The leaden water-pipes 
attached to houses often might be made to answer the 
purpose of conductors, especially when thick enough 
to resist fusion.— Brandt. 

The magnificent effects of electricity in the thunder- 
storm, were first experimentally demonstrated by Dr, 
Franklin, whose whole life was passed in ameliorating 
the condition of his fellow creatures. 

Why is the fireside an unsafe place in a thunder- 
storm? 

Because the carbonaceous matter, or soot, with 
which the chimney is lined, acts as a conductor for 
the lightning. 

Why is the middle of an apartment the safest place 
during a thunder-storm f 

Because, should a flash of lightning strike a build- 
ing, or enter at any of the windows, it will take its 
direction along the walls, without injuring the centre 
of the room. 

Why is bed a place of comparative safely in a thun- 
der-storm ? 

Because blankets and feathers are non-condnctore. 
A woollen rug is likewise a non-conductor, but it 
should be removed from the chimney. Bell wires 
being conductors, are almost always melted in houses 
struck by lightning. 

Why is it dangerous to take shelter under a tree during 
a storm? 

Because the tree is a good conductor, probably from 
vegetation tending to atmospheric electricity, and the 
immediate vicinity of the tree being more highly 
electrical, as will be presently shown, (See page 47.) 

The safest situation without doors, during a storm, 
is within some yards of trees, and upon the dryest spot 
that can be selected. 
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Why we ships at sea so often destroyed by lightning ? 

Because of the great quantity of metal, and parti- 
cularly of iron, which is employed in die rigging; 
more especially as the metallic masses are there nearly 
insulated, or connected only by very imperfect con- 
ductors. 

These inferences are drawn from an interesting ac- 
count of an accident to the packet ship the New York, 
by lightning, in 1827. The paper isby Dr. Trail, and 
was communicated to the Royal Society by one of its 
most distinguished fellows, the present Lord Chancel- 
lor. It will, of course, be found in the Philosophical 
Transactions of the year, but, perhaps, more readily, in. 
the Arcana of Science and Art for 1829. 

Why is copper a better material for a conductor than 
mm? 

Because copper is less liable either to fusion or 
conversion. A rod is also, from its continuity, a better 
form of conductor than a chain. 

Why are there " returning" strokes of lightning f 

Because they are due to the restoration of the natural 
electric state, after it has been disturbed by induction. 
Thus, if a person be brought into a highly electric and 
negative state by induction, from the approximation of 
a body highly charged positively, and then the latter 
be discharged by means having no connexion with the 
negatively electrified person, the negative state of the 
latter will be immediately destroyed, and an effect, in 
part analogous to a positive discharge of electricity, 
will be produced. Some of the most serious accidents 
which occur from lightning are supposed to be pro- 
duced in this way ; not by the mere disturbance of 
electricity in a person only, but of the electricity of 
those bodies with which the person may be in contact, 
end to which he accidentally serves as a conductor. 

For an illustrative narrative of a returning stroke of 
lightning, near Paris, in September, 1826, see a paper 
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Because of the coagulation of their blood, caused by 
the impression of the atmospheric electricity. 

Why is electricity considered an important chemical 
agent* 

Because it not only produces an infinite variety of 
changes, but likewise influences almost all which 
take place. Thus, there are not two substances on the 
surface of the globe that are not in different electrical 
relations to each other ; and chemical attraction itself 
seems to be a peculiar form of the exhibition of elec- 
trical attraction; and wherever the atmosphere, or 
water, or any part of the surface of the earth gains ac- 
cumulated electricity of a different kind from the con- 
tiguous surfaces, the tendency of this electricity is to 
produce new arrangements of the parts of these but* 
faces ; thus, a positively electrified cloud, acting even 
at a great distance on a moistened stone, tends to 
attract its oxygenous or acidiform, or acid ingredients, 
and a negatively electrified cloud has the same effect 
upon its earthy alkaline, or metallic matter ; and the 
silent and slow operation of electricity is much more 
important in the economy of nature, than its grand 
and impressive operation in lightning and thunder. 
The chemical agencies of water and air are assisted by 
those of electricity ; and their joint effects, combined 
with those of gravitation, and certain mechanical ones, 
are sufficient to account for the results of time*— Sir 
H, Davy's Consolations in Travel. 

Why art magnetism and electricity y which had long 
been studied as separate branches of science, now effect* 
ally blended? 

Because all the phenomena of magnetic polarity, 
attraction, and repulsion, have at length been resolved 
into one general fact, that two currents of electricity 
moving in the same direction repel, and in contrary 
directions attract, each other. — HerscheU 

Hence, the magnetic effects of electricity constitute 
a new branch of science, under the title of electro* 
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magnetism. The more popular phenomena of mag- 
netism, which it will be our object to explain, do not, 
however, belong strictly to chemical inquiry ; we may 
therefore reserve their illustration for a more fitting 
occasion. 

LIGHT AND FLAME. 

Why may light and air be said to constitute a portion 
of our earth? 

Because of their absorption by the earth. Thus, 
the light emitted by burning coals, (which are gene- 
rally admitted to be of vegetable origin) has undoubt- 
edly been condensed in them by a process of nature 
which bids defiance to conjecture. — Mr. Detrosier of 
Manchester. 

Why does afire give out warmth? 

Because the heat is radiated; there being but little 
connexion with the immediate conducting power of the 
air ; thus, if a concave metallic mirror be held opposite 
the fire, a heating and luminous focus will be obtained. 

Why is ice produced in India (as described in 
peeeSi)? 

Because, chiefly, of the high radiating powers of 
the dry straw which is strewed in the inclosures, con- 
taining the water in shallow dishes. Calm and serene 
nights are most favourable to this operation, and it is 
necessary that the straw should be dry; for, when 
wetted, the production of cold is prevented ; a circum- 
stance which shows that evaporation is not the cause 
of the diminished temperature. We quote this from 
Brande, although the conclusions do not coincide with 
the opinion quoted from Arnott, at page 33. 

Why are certain rays of the sun termed decompos- 



ing^ 
Because 



they have a tendency to interfere with the 
chemical constitution of bodies. Besides this kind of 
rays, it is ascertained there are two others ; the calori- 
pa&t v. p 
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fie, or heating rays; and the luminous, or cofourinc 
rays, which produce vision and colour. 

Sir H. Davy has, in some general facts of great 
interest, traced an analogy between the effects of the 
sun's rays and the agencies of electricity. 

Why are the terms red-hot and white-hot used ? 

Because, when bodies are rendered luminous by 
great elevation of temperature, the light which they 
emit often appears dependent upon the heat to which 
they are subjected. There are, however, certain 
bodies which, at high temperatures, are remarkable 
for the quantity and extreme brilliancy of their light, 
independent of actual combustion; this is the case 
with several of the earths, but more especially with 
lime, a small ball of which, about a quarter of an 
inch in diameter, being ignited in the flame of alcohol 
urged by oxygen gas, emits light ; having about thirty- 
seven times the intensity of an Argand lamp burner. — 
Brandt. 

Lieutenant Drummond has proposed to apply this 
principle to the improvement of the illumination of 
light-houses ; by substituting " for the Argand burners 
a small ball of lime ignited by the combustion of oxy- 
gen and hydrogen." His experiments are described 
in the Philosophical Transactions, 1830, as follows: — 

" From this small ball, only three-eights of an inch 
in diameter, so brilliant a light is emitted, that it 
equals in quantity about thirteen Argand lamps, or 
120 wax candles; while, in intensity or intrinsic 
brightness, it cannot be less than 260 times that of an 
Argand lamp. These remarkable results are deduced 
from a series of experiments made lately at the Trinity 
House ; and, having been repeated with every precau- 
tion, and by different individuals, there seems no reason 
to doubt their accuracy. In the best of our revolving 
lights, such as that of Beachy Head, there are no less 
than thirty reflectors, ten on each side. If, then, a 
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single reflector, illuminated by a lime ball, be 
ted for each of these ten, the effect of the three would 
be twenty-six times greater than that of the thirty. 
On account of the smaller divergence of the former it 
would be necessary to double their number, placing 
them in a hexagon instead of a. triangle. In this case 
the expense is estimated at nearly the same. This 
method was tried lately at Purfleet in a temporary light- 
house, erected for the purpose of experiments by the 
corporation of the Trinity House, and its superiority 
over all the other lights with which it was contrasted, 
was fully ascertained and acknowledged." 

Why art light and heat necessary to the existence of 
plants? 

Because, in the sunshine, vegetables decompose the 
carbonic acid gas of the atmosphere, the carbon of 
which is absorbed and becomes part of their organized 
matter ; and the oxygen, which is the other constituent, 
is thrown off 

Why do not plants flourish in (he dark 7 

Because no oxygen is then produced by them, and 
no carbonic acid absorbed. 

Light exercises a very remarkable influence upon 
the irritability of the sensitive plant. Thus, if a sen- 
sitive plant be placed in complete darkness, by carrying 
it within an opaque vessel, it will entirely lose its irri- 
tability, and that in a variable time, according to a 
certain state of depression or elevation of the surround- 
ing temperature. 

Again, Mr. Burnet finds mat when a sensitive plant 
has been made to droop, if the part in which the 
moving power resides is blackened so as to absorb the 
light of the sun, the restoration of the plant to its 
natural state is very much longer before it takes place. 
He also finds that at the moment the expansion at the 
foot of the leaflets, or other parts, is touched, to pro- 
duce the motion of the plant, it changes colour, — 
PhUos. Mag. 



Beeanae, wfaea famed to a certain point below in- 
eaavteaeeBee, -an ciiwliagly high teanperatore with- 
out fbe prodnrtwn of any gas) they become luminous, 
without u uda going eombuamian. Oil, wax, spenm- 
een» and batter, when nearly boiling, are himinou& — 
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ier siiafpaori r 

Beeaase they become hnninoos when removed into 
a dark mom after having been exposed to the sunshine. 
Of this description are Canton's, Baldwin's, and the 
Bolognian phosphorus, the latter named from its dis- 
covery by a shoemaker of Bologna. — Brandt. 

Wobler, a German chemist, recommends, as likely 
to give phosphorus at a very cheap rate, to distil, by a 
strong neat, ivory black with half its weight of fine 
sand and charcoal powder. A silicate of lime is 
formed, and the carbonic oxide and phosphorus come 
over. 

Dr. Baclie, of Philadelphia, states, that at the tem- 
perature of sixty degrees Fahrenheit, or upwards, 
carbon in the form of animal charcoal, or lamp-black, 
causes the inflammation of a stick of phosphorus pow- 
dered with it ; the effect takes place either in the open 
air, or in a close receiver of a moderate size* 

Bodies spontaneously phosphorescent belong; to an- 
other class. Among these are the flesh of salt-water 
fish just l>efore it putrifies, and decayed wood. Hie 

Slow-worm and the lantern-fly, certain shell-fish, me- 
um\ &c. are also luminous when alive ; and the hun- 
drcd-U»ffffpd worm, and some other worms and insects, 
shine brilliantly when illuminated. These phenomena, 
aa well as the phosphorescence of the sea, will, how- 
ever, I* explained elsewhere. 

The phosphorescence of fish has already been 
noticed, and attributed to animalcule? during ptrfre/te- 
he* ; whereas, from the experiments of Canton, and 
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of Dr. Hulme, it appears'that "sea-fish become rami- 
nous in about twelve hours after death, that it increases 
till putrefaction is evident, and that it then decreases." 

Why may flame in general be regarded as luminous 
gaseous matter? 

Because hydrogen gas, probably, furnishes the purest 
flame which can be exhibited ; for the flames of bodies 
which emit much light, derive that power from solid 
matter which is intensely ignited and diffused through 
them, and which in ordinary flames, as of gas, tallow, 
wax, oil, &c. consists of finely-divided charcoal — 
Brandt. 

Dr. Ure, speaking of u the nature of flame, and of 
the relation between the light and heat which compose 
it," says, "The flame of combustible bodies may, in all 
cases, be considered as the combustion of an explosive 
mixture of inflammable gas or vapour with air. It 
cannot be regarded as a mere combustion at the sur- 
face of contact of the inflammable matter. This feet 
is proved by holding a taper, or a piece of burning 
phosphorus within a flame made by the combustion o? 
alcohol. The flame of the taper, or of the phosphorus, 
will appear in the centre of the other flame, proving 
that there is oxygen even in its interior part 

Why does spirit of wine sometimes burn with various 
coloured flames % 

Because of its admixture with different substances. 
Thus, from borax it acquires a greenish yellow tint ; 
nitre, and the soluble salts of baryta, cause it to burn 
yellow, and those of strontia give it a beautiful rose 
colour ; copper salts impart a fine green. 

Dr. Ure, m his valuable Didwnary of Chemistry, 
(edit 1890) gives the following recipe for the beautiful 
red fire now so effectively used to aid stage effect at 
the theatres : — 40 parts dry nitrate of strontia, 13 parts 
finely powdered sulphur, 5 parts chlorate of potash, 
(hyper-oxymuriate) and 4 parts sulphuret of antimony. 

f 3 
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Powder tin? two latter separately in a mortar, and then 
mix them on paper ; after which add them to the 
Other ingredients, previously powdered aitd mixed. 
No other kind of mixture- ih.'in rubbing together on 
paper it- required. Sometimes, a little realgar is added 
to die sulpliuret of antimony; and frequently, when 
the lire hiirijs dim uiid badly, a very small quantity of 
finely powdered charcoal, or lainp-hlack, will make it 
perfect. 

Why is working in coal mines sometimes fatal to 

Because of the enrburetted hydrogen gas, or damp, 
and noxious exhalations, during the working of the 
coals, from fissures or cracks in the beds; when this 
has accumulated so as to form one-thirteenth of the at- 
mosphere of the mine, it Ih'idiiics explosive by a light- 
ed candle or any kind of flame. lly minerf, this gas 
is called fire-damp, to distinguish it from carbonic acid 
gas, which they call choke-damp. 

The late Mr. Sodding, having observed that the ex- 
plosive damp could only l>e kindled by flame, and 
not liable to be set on fire by red-hot iron, nor 
flparks produced by the collision of flint and si 
vented a machine, in which, while a steel wheel ws» 
turned round with very rapid motion, flints were ap- 
plied to it, and by lie: abi nidatice. ol'liery sparks; emit- 
ted, the miners were enabled to carry on their work in 
places where the flame of a lamp or candle would oc- 
--'- - dreadful explos' — 

a lamp surrounded by 
gauze, which, by confining the (lame from the fira- 
damp, without in tempting the light, enables the 
miners to work in safety ; and which, in gratitude to 
its dlustrious inventor, Sir H. Davy, is, in mining dis- 
tricts called tht Davy. 






POPULAR CBEMISfEY. 

Why does the wire-gauze prevent explosion! 

Because the meshes of the gauze are of such a 
size that a flame of the gas attempting to pass through 
it, is so cooled by the heat-absorbing and heat-con- 
ducting power of the metal, as to be extinguished ; 
or, in fewer words, the temperature of the name is 
fio much lowered as to be insufficient to ignite the 
inflammable mixture on the outside. This is shown 
by bringing down a piece of fine brass or iron wire- 
gauze upon the flame of a candle ; or, what answers 
better, upon an inflamed jet of coal gas, it will, as it 
were, cut the flame in half. That the cooled gaseous 
matter passes through, may be shown by again fighting 
it upon the upper surface. 

Mr. Brande further illustrates this principle, by sup- 
posing the flame of a common lamp to be everywhere 
properly surrounded with wire-gauze, and in that state 
immersed in an explosive gaseous mixture, (like the 
fire-damp) it will be inadequate to its inflammation ; 
that part only being burned which is within the case ; 
communication to the inflammable air tmihout being 
prevented by the cooling power of the metallic tissue ; 
so that, by such a lamp, the explosive mixture will be 
consumed, but cannot be exploded. 

The apertures in the gauze should not be more 
than one-twentieth of an inch square ; in the working 
model which Sir Humphry Davy sent to the mines, 
there were 748 apertures in the square inch. 

The above is the explanation of the principle, by, 
and from the reasonings of, the ingenious inventor 
himself.— Some facts known to Signor G. Libri, of 
Florence, were, however, at variance with this hypo- 
thesis, and he found, upon trial, that when single rods 
were made to approach a flame, the latter was always 
inflected on all sides from the rod, as if repelled by it; 
and that this effect was independent of the conducting 
power of the rod, whether good or bad. The amount 
of inflection or repulsion was directly as the mass, and 
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inversely as the distance from the flame. It was not 
diminished by increasing the temperature of the rod 
even to such a degree as to render k scarcely possible 
for it to abstract any of the caloric In fact, when two 
flames are made to approach each other there is a 
mutual repulsion, although their proximity increases 
the temperature, instead of diminishing it From 
these principles, Signor L. says, the theory of the 
safety lamp is easily deduced. A metallic wire exert- 
ing, according to its diameter and its own nature, a 
constant repulsion upon flame, it is evident that two 
parallel wires so near each other as not to exceed the 
distance of twice the radius of the sphere of repulsion, 
will' not permit a flame to insinuate itself between 
them, unless it be impelled by a force superior to the 
intensity of repulsion. If to these two wires others be 
added, a tissue is formed impenetrable to flame, espe- 
cially when the conducting power of the wires adds ill 
influence to that of the repulsion. He conceives that, 
from the views above stated, the number of cross or 
horizontal wires in Davy's lamps are unnecessarily 
large ; and that by rejecting all of these excepting 
a number sufficient to secure the firmness of the tis- 
sue, the lamp would afford as great a security as at 
E resent, and, at the same time, diffuse a much greater 
ght — mis opinion he has verified by actual expert* 
ment 

Again, a Mr. Dillon, an ingenious writer on prac- 
tical science, maintains, in opposition to Sir Humphrey 
Davy, that the Davy lamp acts by its heat and rare- 
faction, not from the flame being, cooled by the wire- 
gauze covering. He shows, by a simple experiment, 
that the Davy lamp is not safe in a current of hydro- 
gen, or carburetted hydrogen gas, which, if steadily 
directed on the flame of the lamp from a bladder and 
stop-cock, by cooling the wire-gauze, brings the flame 
of the lamp through the gauze to the mouth of the 
stop-cock, even should there be six folds of gau*4 



POPULAR CHXKtSTRT. 87 

Intervening. He shows also, by immersing the lamp, 
when cold and newly-lighted, into a jar of dense 
hydrogen,- or caj^vqwttBd hydrogen gas, or an explo- 
sive mixture wH^jpflpospheric air, that explosion 
takes place inside jjSf^utside of the lamp ; whereas, 
when the lamp hijftf tiirnt sufficiently long to heat 
the wire-gauze, no explosion takes place on the 
outside of the lamp. These experiments appear 
incontrovertible in support of his theory, which is, 
"thai the wire-gauze ts merely (he rapid receiver and 
the retainer of neat, and that it is the caloric in its 
meshes which prevents the flame of the lamp from 
being fed by the oxygen of the atmosphere on the 
outside" 

Mr. Dillon increases the heat of the lamp, and places 
on it a shield of talc to protect it from a current, 
and, upon his theory, the shafts or workings of iron 
and coal mines may be lighted with gas with perfect 
safety, protecting the flame with wire gauze and a 
circular shield of talc. - 

The explosions from fire-damp are truly terrific. 
Sir H. Davy says, " wjhen this gas has accumulated in 
any part of the gallery or chamber of a mine, so as to 
be mixed, in certain proportions, with common air, the 
presence of a lighted candle, or lamp, causes it to ex- 
plode, and to destroy, injure, or burn, whatever is ex- 
posed to its violence. The miners are either imme- 
diately killed by the explosion, and thrown, with the 
horses and machinery, through the snail into the air. 
— the mine becoming, as it were, an enormous piece of 
artillery, from which, they are projected— or, they are 
gradually suffocated, and undergo a more painful death, 
from the carbonic acid (choke damp) and nitrogen re- 
maining in the mine after the explosion of the fire- 
damp ; or what, though it appears the mildest, is per- 
haps the most severe late, — they are burned or maimed, 
and often rendered incapable of labour, or of healthy 
enjoyment, for life." 
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A comparative statement has been made of the num- 
ber of explosions in coal mines, and the deaths occa- 
sioned by them, during the ten years which preceded, 
and the ten years which succeeded, the introduction of 
the Davy-lamp ; from which it appears that 

From 1805 to 1816 there were 9 Explos. 284 Deaths. 
1817 1838 - 19 360 

Excess since the introduction of the Davy 10 76 

This excess is accounted for by the workmen relying 
so much on the Davy, that, under its protection, they 
now work in places where they would not have former- 
ly ventured to take a light. Inattention to the state 
of the lamps doubtless contributes to the lamentable 
total. 

Mr. Brande judiciously observes, that as their safety 
u entirely depends upon the perfect state of the wire- 
gauze, and upon the non-existence of any aperture or 
channel sufficiently large to admit of the passage of 
flame, they should, when in use in a coal mine, be in- 
spected daily, to ensure their soundness in these res- 
pects. In gas-manufactories, spirit-warehouses, and 
in all cases where inflammable vapours or gases are 
likely to be generated, as in the examination of fbul 
sewers and drains, it is obvious that these lamps are 
importantly applicable." 

Why do firemen, by the protection o/Mdini's incombus- 
tible cloth and wire-gauze, remain for two or three minutes 
completely enveloped inflames, wxtkovt injury ? 

Because, perilous as their situation may appear, they 
are supplied in some way with pure air. M. Gay Lus- 
sac observes, that when a furnace is heated so as to 
flame and smoke, the air within is entirely deprived of 
oxygen ; and therefore it is certain, that if the imme- 
diate action of the flames were guarded off by the wire- 
gauze, still it would be impossible to sustain respiration 
m the midst of them. There are several ways of ac- 
counting for the requisite supply of air; and one which 
M. Gay Lussac suggests appears the most probable: 
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viz. that the men are supplied by a current of fresh 
air from the space between the two garments. Besides 
this, we cannot suppose that their heads are con- 
stantly enveloped in the flames, and they, of course, 
find favourable moments for breathing; again, the 
power of suspending the breath is also an excellent 
resource, which every fireman ought by practice to ac- 
quire. The fireman has another difficulty to contend 
with, in the dense volumes of smoke, which prevent his 
breathing, blind his sight, and consequently retard his 
exertions. To obviate this, it has been proposed to 
furnish a supply of air from a portable reservoir ; or 
by means of a flexible tube, rising from the feet to the 
mouth, through which the fresh air would naturally 
rise, as the heated air escaped above. — Phil. Mag. 1830. 

Why does amadou, or German tinder, readily inflame 
from flint and steel, or from the sudden condensation of 
mrt 

Because it consists of a vegetable substance found 
on old trees, boiled in water to extract its soluble parts, 
men dried and beat with a mallet, to loosen its tex- 
ture" ; and lastly, impregnated with a solution of nitre. 
—Ure. 

a Why is a piece of paper lighted, by holding it in the 
air which rushes out of a common lamp-glassi 

Because of the high temperature of the current of 
air above the flame, the condensation of which is by 
the chimney of the glass. 

Why does heated platinum wire, if placed round the 
wick of a spirit-lamp, continue to give light and heat, 
(hough without flame ? 

Because of the vapour of the spirit; the heat never 
becoming sufficiently intense to produce its inflamma- 
tion. This discovery, by Davy, ultimately gave rise 
to the formation of a lamp, which, containing alcohoL 
and prepared at the place of the wick with a piece of 
spongy platinum, or, as Dobereiner calls it, sub-oxide 
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of platinum, or some other form of that metal, gra- 
dually converted' the whole of the alcohol Into acetic 



The lamp in this form has been used for a night- 
lamp : it gives light enough to see the time by a watch 
hen close to it ; and if more light be required, a piece 
of amadou may be carefully inflamed at it, and then 
a light procured in the usual way. Mr. Batka proposes 
to use Eau de Cologne in place of common spirit of 
wine, and finds, that then the fragrance diffused is 
very grateful ; being, in fact, occasioned by the actual 
formation of aromatic vinegar, during die whole time 
the lamp burns. 

COMBUSTION. 

Why art certain bodits combustible? 

Because of an intense chemical action which takes 
place in them, and is connected with their electrical 
energies ; "for, all bodies which powerfully act upon 
each other, are in the opposite electrical states of posi- 
tive and negative ; and the disengagement of heat and 
light, (which characterizes combustion) may depend 
upon the annihilation of those opposite states which 
happens whenever they combine."-— Brandt* 

Sir H. Davy has asserted, "that in any case com- 
bustion is merely the appearance produced, when sub- 
stances, which have perhaps still stronger attraction 
for each other than quick-lime and water, are com- 
bining chemically, so as to become heated, at least, to 
the degree of incandescence. During the phenome- 
non, there is not, as was formerly supposed, something 
altogether consumed and destroyed, or something catt- 
ed plogision escaping; the substances concerned are 
but assuming a new form and arrangement. 

Of the substances called combustible, there are only 
a few which will begin to unite or burn at the common 
temperature of our globe, the others requiring to be at 
some higher and peculiar temperature. Thus, phos- 
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phorus begins to burn at 150°, sulphur at 550°, char- 
coal at 750°, hydrogen at 800° ; it appearing, that up to 
these temperatures, the attraction of the atoms among 
themselves is sufficient to resist the other attraction, or 
that of oxygen. But when the combustion once begins, 
the temperature, from the effect of the combustion it- 
self rises instantly, much beyond the degree necessary 
for the commencement of the process. Oxygen and 
hydrogen, which begin to burn or combine at 800°, 
produce a flame of as intense heat as human art can 
excite. — Jtrnott. 

Why are other bodies, as a stone, or brick, termed in- 
combustible? 

Because, when heated, they undergo no change ex- 
cept an augmentation of temperature, and when left 
to themselves, they soon cool again, and become as at 
first. But, with combustible bodies, the case is very 
different When heated to a certain degree in the 
open air, they suddenly become much hotter of them- 
selves, and continue for a considerable time intensely 
hot, sending out a copious stream of coloric and light 
to the surrounding bodies. This emission, after a cer- 
tain period, begins to diminish, and at last ceases al- 
together. The combustible body has now undergone 
a complete change, — it is converted into a substance 
possessing very different properties, and no longer ca- 
pable of combustion. — Thomson, 

Again, of substances burning in air, those which 
are originally aeriform, as coal gas, or which, on being 
heated are vapourised or rendered aeriform, before 
their union with the oxygen of the atmosphere takes 
place, as oil or wax, assume the appearance of flame ; 
viz. the aeriform particles usually invisible, are rais- 
ed to the incandescent temperature; but when the 
substance combining with the oxygen remains solid, 
while its particles are gradually lifted away by the 
oxygen acting only at the surface of their mass, it ap- 
pears during the whole time only as a red-hot stone* 
part v. • 
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The latter is the ease or charcoal, coke, Welch stone, 
coai, &c. while in the ea_se uf wow], common coal, &c 
a greater or less portion of the inflammable mailer, is, 
by the bent uf tin: com host ion, converted into vajnur, 
and produces the beautiful a[i|»-aniiice of flame. 

Men, now grown familiar with pmi lilies, have al- 
most censed to be moved by them ; hut few persona 
can resist a feeling of wonder imil udmirarion when 
chemistry, in its progress of discovery, every now and 
then calls forth the hidden spirit of combustion in 
some new or lc>s liirnili.-iv gui^.-; — fur instance, when 
a piece of iron wire, lighted as 11 taper in oxygen 
gas, hums with such ivsplcnilrnt brilliancy ; or, when 
phosphorus, ~iinil;irly pli.n ■<■,], rlirows around its over- 
powering flood of flame ; or, when small portions of 
the metal called potassium, lining cast upon die sur- 
face of water, become as beads of most intense light, 
running about there, nuil crossing as in a merry dance; 
— or, lasdy, when flames produced from particular 
substances lire seen rising deep-tinged with moat vivid 
and bcaiiiii'ul colours.— .Irnott. 

Why dots a common fire smokef 

Because of the vapour of die water from tiie mois- 
ture of the fuel; and the carburetted hydrogen and 

bituminous subi-iaucos, lor I dining combustion by 

tiie union of the hydrogen of the combustible with 
the oxygen of the aimospbere. 

Why tlvci 11 draught support a fin? 

Because it flows immnls the tire-place, to occupy 
the vacancy leil by the nir that has undergone decom- 
position, inul which, in its turn, heroines decomposed 
also. Hence, a supply of raloric is furnished without 
intermission, till the whule of the combustible is Satu- 
rated with oxygen. — Parkes. 

Why do not coida, worn/. Jyc. It-inn: I'imlnislibler, take 
fin- ml cjp'ixurt: to the air? 

Because nil such bodies roipiirc to have a certain 
preparatory temperature before beginning to combine 
with tile oxygen uf the iiUiiOBphere. 
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Why is heat produced by combustion? 

Because of the decomposition of the oxygen gas 
of the atmosphere ; for, as the oxygen combines with 
the combustible body, it disengages the caloric which 
is held when in the state of a gaseous substance. Or, 
to speak with more precision, the act of combustion 
effects a real analysis of atmospheric air ; for while 
the oxygen combines with the combustible, the caloric, 
in the form of sensible heat, is thrown off in every 
direction. — Parkes. 

Why do lamps with many tricks, placed near each 
other, give much more light than the same number of 
tricks would, if placed in separate lamps ? 

Because the light given out by a combustible body 
is in proportion to the elevation of temperature ; and 
in this case the many wicks communicate heat to each 
other. 

Why is oxygen a powerful supporter of combustion? 

Because it is more abundantly diffused throughout 
nature than any of the other elementary bodies ; it 
forms eight-ninths of the weight of water, about one- 
fifth of the weight of the atmosphere, and a relative 
proportion of the earthy and mineral bodies which 
form the solid matter of the globe. Hence, it is pre- 
sent everywhere, and ready to unite itself with any 
matter exposed to it at the necessary temperature. 

Why is oxygen gas called vital air ? 

Because it is a powerful supporter of respiration. 
Thus, a small animal confined in oxygen gas, lives 
thrice as long as when confined in the same bulk of 
common air ; but we are not thence to conclude that 
it is fit for the support of life ; on the contrary, an ani- 
mal made to breathe oxygen for any length of time, 
falls a sacrifice to excess of arterial action ; and after 
death, the blood in the veins is found as florid as that 
in the arteries. — Brandt. 

g2 
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Why is it considered that oxygen unites with the com- 
bustible body in thr. act of burning? 

Because, if a substance be burnt in a sufficient 
quantity of unan gas. in a close vessel, mid ihe pro- 
duct preserved, tin' whole will In: found to be increas- 
ed in wci.L'lit f.vai'.ilj' in |in>|jipi-timi to tlie oxygen gaa 
consumed, ami the oomlmsi.ible ImkIv will then have 
become incombustible. — : Parkes. 

Fourcroy observes, " ll lis view of combustion autho- 
rises us to divide almost nil tin: |iroduelions of nature 
into two grand c lasso s ; one of combustible bodies, 
the Other of bodies already bum! : in the masses and 
action of the former we discern thr: causes of inflam- 
mable meteors, the perpetual alteration of the surface 
of the earth, volcanoes, Ar. In the existence of the 
latter we perceive tin- son roe of the number and diver- 
sity of in ids, saline eoni|Hjurids, oxides, and metallic 
ealts, which vary in a thousand ways the appearance 
of ores, &c." 

Why is no! n >johh-l, tvh- n pushed into water with the 
month downwards, filed imth water ? 

Beeause the air in tin: sublet resists the entrance 
of the water; and, if tlie goblet be inverted over a 
floating lighted tuner, this will continue to float under 
it, and to burn in the contained air, however deep in 
the water it be carrier!, exhibiting the curious phe- 
nomenon of n lijrlit below wilier, nnd itself an emblem 
of the living in male of a diving bell, which is merely 
a larger goblet, with a man instead of a candle. — 
AmoU. 

Why is the name fuel given only to the substances 
which carnitine with o.n/g-i-n, nnd not to the. oxygen U- 

Becauee, probably, the former l>eing solid or liquid, 
and therefore luore obv ions to sense, were known as 
iducera of combustion long before the existence of 
aeriform ingredient was even suspected. — * 




e existence oi 
Med.— Arnott. 



* POPULAR CHEMISTRY. 65 

Why does a candle or lamp smoke ? 

Because the heat produced by it is not sufficient to 
effect the total combustion of the carbon, which rises 
in its flame. — Jhrnott. 

SPONTANEOUS COMBUSTION. 

Why art human bodies sometimes destroyed by spon- 
taneous combustion $ 

Because of a new arrangement of the muscles, ten- 
dons, viscera, &c. ; or new products originating from 
their degeneration. 

Numerous instances of this mortal catastrophe are 
recorded. M. Julia de Fontenelle, in a paper lately 
read to the Academy of Sciences at Paris, describes 
fifteen cases, from the details of which the following 
general results are obtained : — 

1. Generally those who have died by spontaneous 
combustion, have indulged in excess of spirituous 
liquors. 2. The combustion is almost always general, 
but in some cases it may be partial. 3. It is rare 
amongst men ; and the women have in almost every 
case been aged. 4 The body and the viscera have 
always been burnt, whilst the feet, hands, and crown 
of the head have almost always been saved. 5. Al- 
though it is known by experience that a very large 
quantity of wood is requisite to burn a corpse, this 
particular kind of incineration occurs without inflam- 
ing the most combustible substances of an ordinary 
kind near it 6. It has not been shown, in any case, 
mat the presence of fire is necessary to commence 
this kind of combustion. 7. Water, instead of extin- 
guishing the flame, appears to give it more activity ; 
and when the flame has disappeared, the combustion 
proceeds within. 8. They occur more frequently in 
winter than in summer. 9. The cure of general com- 
bustions has never been effected ; but sometimes that 
of partial ones. 10. Those seized with combustion 
experience a sensation of strong internal heat 11. It 

b 3 



is suddenly developed, and consumes the body in a 
few hours. 11 Tiiose parts not readied by (he fire, 
are affected by gangrene. 13. A putrid degeneration 
ensues, which emisr. yjiiifrrcnc. II. The residue iif " 
this combustion is composed of greasy cinders, and an 



Professor Jameson observes, in substance, upon this 
interesting question : " wo are of opinion that, in some 
subjects, and chiefly in women, there crisis n general 
condition of die body, which, conji lined wilh ihc ex- 
treme debility neeasiont il by ago, a life of little acti- 
vity, and the abuse of Hpiriluous liquors, may give rise 
to a spontaneous combustion. But we are far from 
considering as the iimlt-i-ia! cause of this combustion, 
eillier alcohol, or hydrogen, or a superabundance of 
fat. If alcohol plays a prominent part in this com- 
bustion, it is by con tril lining to its production; ' 
is to say, it produces, along with the other causes 
rinticd, the degeneration of which wo have spoken, 
which gives rise to new products of a highly ci — 
bustiblc nature, the reaction of which determines 
combustion of the body." 

A curious case of tin- combustion of both hands onli 
in which the patient recovered, is related 
col Journal, 1830. 



JFhy do various woods afford different quantities of 
charcoal ? 

Because of their dilliniu duraliiliiy; thoso most 
abundant in. charcoal ami earthy matter are the most 
permanent; while those that contain the largest por- 
tion of the gaseous elements are the most perishable. 
Among British trees, the chestnut and oak are the 
most permanent, and the chestnut affords rather more 
charcoal than the oak. 

The beams of the theatre at Herculaneuw were 
converted into charcoal by the lava which overflowed 
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thai city ; and during the lapse of seventeen hundred 
years the charcoal has remained as entire as if it had 
been formed but yesterday ; and it will probably con- 
tinue so to the end of the world. The incorruptibility 
of charcoal was known in the most ancient times : the 
famous temple at Ephesus was built upon wooden 
piles, which have been charred on the outside, to pre- 
serve them. — WatsorCs Chemical Essays. 

A new process for manufacturing charcoal, is to fill 
all the interstices in the heap of wood to be charred, 
with powdered charcoal ; the product is equal in qual- 
ity. The effect is produced by preventing much of 
the access of air which occurs in the ordinary method. 
The volume of charcoal is increased a tenth, and its 
weight a tenth. — Buttttin Universel, 1830. 

Professor Silliman, in his Journal, (1830) savs, that 
in the United States, wood is charred in brick-kilns, 
with openings at the top and sides, under regulation ; 
and the charcoal thus obtained is exceedingly good, 
and more abundant than by the old mode of burning. 

Wood has also been charred at low temperatures. 
Thus, on making extracts, in wooden vessels, with 
steam of very moderate pressure, all the apparent 
effects of burning may be produced ; but the carboni- 
zation of the wood is not so complete as by flame. 
This fact is practically illustrated in the Philosophical 
Magazine, 1830. 

The application of charcoal to various purposes of 
domestic economy has been already noticed in Part 1 
of the present work.* 

Why does healed charcoal produce combustion ? 

Because the mutual cohesion of its particles is so 
weakened, that is, the particles are so repelled and 
separated from each other, that their attraction for the 
oxygen in the air around is allowed to operate, and 

* B*e DoMsrnc Science, p. 6. 
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they combine with that oxygen, so as to produce the 
above phenomenon. 

Why does charcoal increase in weight on exposure to 
the air after burning 7 

' '" i very hygrometric substance, and 
"r and moisture i 



ilittvliire absorbs a 
quanti ty . — Brande. 

Why do sailors at Si 
bad water ? 

Becatise ii serves 
putrid flavour of tlie 
ratively fresh . 

Why does fresh charred wood, i 
the flavour ofspiriis? 

Because it destroys tlie essential oil, o 
malic flavour which the spirit may have contracted in 
distillation. 



a fftroie pieces of burnt biscuit 

us charcoal in destroying the 
water, and rendering it compa- 

r charcoal, 







Why do mixed nilrc, sulphur, and charcoal, or gun- 
powder, explode with heal: ichtrras, while cold, t' " 
may be mixed together most iidimately without i 
change? 

Because, by the change of temperature, and the 
consequently altered ivlativc att ruction.': of the differ- 
ent substances, n new chemical arrangement of them 
lakes place with « I ji - iiiici i~c ruiulm-ii^n ami expansion 
which ruiistitute the explosion. 

The proportions of tlie ingredients of gunpowder 
vary. The following art/ those u*it;il]y employed — 
Common Shotting Bbootliig Mine™ 



The latter contains the smallest quantity of snltp 
as it requires less quickness or strength. The ii 
dietllH are perfectly mixed, moistened, b 





cake, which is afterwards broken up, granulated, 

dried, and for the finest powder, polished by attrition. 

— Bra-itde. 

Why is iron excluded frum powder works'? 

Because it is liable to ran*' <|i:irk.< hy a blow. Brass 

and copper Lave been recommended in its place; but 
Col. Aubert lias remarked that brass can inflame jmw- 
der, and has made e\|hcnmenis mi the subject before 
a committee, the result of which is as Mlows: — In- 
flammation of the [jowder lakes place when the blow 
is given by iron against iron ; iron against brass ; brass 
against brass : iron against marble ; lead against lead, 
or against wood, when the blow is produced by a 
leaden ball shot from n fire-arm. As yet, powder has 
not been inflamed by the blow of an iron hammer 
against lead or wood. — Bulletin Univtritl. 

Why is steam likely to supersede gunpowder in the 
discharge of artillery ? 

Because the elastic force of high-pressure steam 
having much greater range than that .of gunpowder, 
is infinitely better calculated I'm- impjii'iiles, indepen- 
dently of any saving of expense. It is estimated hy 
Mr. Perkins, thai tin; projectile force of steam is ten 
times greater than that of gunpowder, in tlirowing a 
ball to a given distance. 

Why do " Promethean*" suddenly inflame on pres- 

Because they consist; of small glass bulbs, filled with 
concentrated sulphuric acid, hermetically sealed, and 
surrounded with a mixture of inflammable materials, 
amongst which the chlorate of potash forms one; and 
the whole being again inclosed or surrounded with 
paper, also rendered still more inflammable by means 
of resinous neuters. Vpon pinching the end contain- 
ing the glass bulb, lietwcen the jaws of a pair of pliers, 



Whf are vokanoes produced^ 

Because, according (o> [lie most recently observed 
phenomena, ihcy "depui ul upon I In; oxidation of the 
metals of the earths upon an extensive scale, iu im- 
mense subterranean cavities, to which water or atmos- 
pheric air may occasionally have access. The sub- 
terranean thunder heard at great distances under 
Vesuvius, prior to iui eruption, hulk-ales the vast 
extent of these cavities; and the existence of a sub- 
terranean coiumunicaiioi l lirnnvn rl h ■ ^ollatarrn and 
Vesuvius, is established Iiy I In; iiict tliat whenever the 
latter is in an active st;iti ■, the lornicr is comparatively 
tranquil. In confirmation of these views, tin; autliur 
remarks, that almost all the volcanoes uf considerable 
magnitude in the old world, are in the vicinity of the 
sea; and in those "'hero the sen is more distant, ai in 
the volcanoes of South America, llie water may be 
supplied from grunt subterranean hikes ; fin- Humboldt 
states that some of them throw up quantities of fish." 

The phenomena unserved by the author afford a 



caiift-H as the combustion of mineral c . 

tion ot'sulphur upon iron ; and are perfectly c< 

The author acknowledges, however, that the liy| 

sis of the nucleus of the globe being c 

matter liquified by heat, otters a still I 

solution of lh« ]>In 'nomciia of volcanic, tires. — Sir H. 



a all cfiniil] ies, in mines and cave% 
prove that, even at a small depth, the earth's heat M 
much superior to the temperature nf (he surrounding 
atmosphere. A lint so remarkable, run] elicited from 
observations mode in almost every iwrt of tl 





>f the gbafae, 
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connects itself with what we learn of the phenomena 
of volcanoes. La Place has even attempted to deter- 
mine the depth at which the earth may be considered 
as a melted mass. Whatever doubts may be enter- 
tained, notwithstanding the respect due to so great a 
name, as to the numerical accuracy of such a calcu- 
lation, it is not the less probable, that all volcanic phe- 
nomena arise from a single cause, which is the com- 
munication constant or interrupted, that exists between 
the interior of our planet and the external atmosphere. 
Elastic vapours, by their pressure, raise through deep 
crevices the substances which are in a state of fusion, 
and which are oxidized. Volcanoes are, so to speak, 
entermittent springs of earthy matters. The fluid mix- 
tures of metals, alkalies and earths, which condense 
into currents of lava, flow gently and slowly, when, on 
being raised up, they once find an issue. 

Why does water appear necessary to produce volcanic 
fir el 

Because the most active volcanoes are in The imme- 
diate vicinity of the sea; some are actually beneath 
the sea ; and only extinct volcanoes are found far in- 
land. 

Why are earthquakes and volcanoes supposed to he of 
the same origin ? 

Because of the frequency of earthquakes in volcanic 
countries ; and when they occur in non- volcanic coun- 
tries, remote from volcanic fires, or their occurrence, 
the coincidence of distant volcanic eruptions. It is 
a remarkable circumstance, also, that the shocks of 
earthquakes are most severe in non- volcanic countries, 
such as Lisbon and the Caraccas. — Notes in Science, 

Why do hot springs occur in (he very vicinity of all 
active volcanoes ? 

' Because, probably, such waters owe their tempera- 
ture to their passage through channels heated by vol- 
canic fire. — Berzehus. 
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Why da volcanoes throw out pumice stone? 

Bemuse the light-coloured, or whitish parous 1&Y8S, 
becoming fibrous, pass into the above light spongy 
stone. 

Why is ptamce stone sometimes seen floating on As 
sea? 

Because h is produced by submarine volcanoes, that 
break out at such vast depths under the ocean, that 
none of their products reach the surface, except such 
as are lighter than water. Pumice has been seen 
floating upon the sea oyer a space of three hundred 
miles, at a great distance from any volcano. * 

Why ispuzzolano used for building in water f 
Because, when mixed with lime, it speedily fixes 
itself and the water does not soften it, for it becomes 
continually harder and harder. The lime found abun- 
dantly at Dorking, in Surrey, has a similar property 
of hardening under water. 
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Continued from Part P. 



THE DIAMOND. 



Why is carbon known by (he namu of diamond and 
charcoal? 

Because the two latter substances, although so dif- 
ferent, and almost opposite, in physical characters, are, 
according to unexceptionable experiments, almost che- 
mically the same. 

That diamond is simple carbon, is shown by the 
following experiment. M. Morveau exposed a dia- 
mond to intense heat, shut up in a small cavity in a 
piece of tough iron. When he opened- the cavity, he 
found the diamond entirely gone, and the iron around 
it converted into steel. This shows that it is pure car- 
bon, 'which combines with iron to form steel, and not 
charcoal, which is generally an oxide of carbon. The 
peculiar hardness of steel is to be ascribed to its union 
with a portion of pure carbon, or diamond. It is no 
uncommon thing for jewellers to expose such diamonds 
as are foul, to a strong heat, imbedded in charcoal, to 
render them clear ; but, in this process, great care is 
taken to have a sufficient quantity of charcoal, to ex- 
clude the atmospheric air : otherwise, the intense heat 
would produce combustion. — Partes. 

h 2 



* 
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Why is charcoal more inflammable than the diatmmdf 
Because of the looseness of its texture, and the 
hydrogen it contains. The latter is indeed the only 
chemical difference perceptible between diamond and 
the purest charcoal : but Dr. Ure asks, " can a quan- 
tity of an element, (hydrogen) less, in some cases, than 
1 -50,000th part of the weight of the substance, occa- 
sion so great a difference in physical and chemical 
characters?" In the Philosophical Transactions for 
1797, is related Mr. Smithson Tennant's process for 
proving the identity of these two substances: he says, 
" It will appear, from experiments, that the diamond 
consists entirely of charcoal, differing from the usual 
state of that substance only by its crystallized form," — 
and Dr. Ure thinks this opinion to be correct. 

The identity of charcoal and diamond is further il- 
lustrated in the following experiment. Sir Humphry 
Davy exposed charcoal to intense ignition, in vacuo, 
and in condensed azote, by means of Mr. Children's 
magnificent battery, when it slowly volatilized, and 
gave out a little hydrogen. The remaining was always 
much harder than before, and in one case, so hard as 
to scratch glass, while its lustre was increased. This 
fine experiment may be regarded as a near approach 
to the production of diamond; and we believe that sim- 
ilar experiments of French chemists have been equally 
successful. 

Why did Newton infer that the diamond toas^ inflam- 
mable? 

Because of the circumstance, that inflammable sub- 
stances refract light in a greater ratio than that of their 
densities. We readily acquiesce in Mr. Parkes's note : 
" It is wonderful that Newton, who had no chemical 
means of examining the diamond, should have con- 
ceived the idea of its inflammable nature." 

It is not evident to whom the combustibility of the 
diamond first occurred; but, in the year 1694, the 
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Florentine Academicians proved its destructibihty by 
heat, by means of » burning- lens. The products of its 
combustion were first examined by Lavoisier, in 1779, 
and subsequently, with more precision, by Guyton 
Morvenu, in 1785. Mr. Tcmmiil's experiments, just 
referred to, demonstrated the important feet, that when 
equal weights of diamond end pure charcoal were sub- 
mitted to the action of red-hot nitre, the results, in both 
cases, were the same ; and, in 1807, the combustion of 
the diamond in pure oxygen, was found by Messrs. 
Allen and Pepys, to be attended with precisely the 
same results as the combustion of pure ehareoal. Hence, 
observes Bran il'\ I he irn ■■. italic inference, that charcoal 
and the diamond are similar substances in their ehe- 
iniivd n.'ilure, differing only in mechanical texture. 

The combustion of the diamond may be most con- 
veniently and perfectly effected, by placing it upon a 
platinum capsule, in a jar of pure oxygen, inverted 
over mercury, and throwing upon ii theilnusof a burn- 
ing Jens. Sir Humphry Davy, when at Florence, in 
1614, (PkU. 7Vujw.J used for (his purpose the same 
lens which was employed in the first trials on the action 
of solar heat on the diamond, instituted by Cosmo III, 
Grand Duke of Tuscany j he found, that when strongly 
ignited by the lens jti u thin capsule of platinum, per- 
forated with many orifices, so us to admit a fi-ee circu- 
lation of air, the diamond continued to burn in the 
oxygen, after I wing withdrawn from the focus, with so 
brilliant a light as to lie visible in tin: brightest sun- 
shine, and will i very intense heat. The results of these 
Xriments demonstrate, that diamond nflbrds no 
I- substance by its combustion than pure carbonic, 
acid gas; and' that the process is merely a solution of 

diamond in ox v gen, wit I I any change in the- volume 

of the gas. Ii likewise appears, that, in the combus- 
tion of "the different kinds of charcoal, water is pro- 
duced ; and that, from the diminution of the volume 
of the oxygen, there is every reason to believe, that the 
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water is formed by the combustion of the hydrogen 
existing in strongly ignited charcoal. 

Why is pure carbon, or diamond, so scarce, while Us 
compounds, in different states, are so abundantly dis- 
persed? 

Because, (observes an eminent chemist*) "the won- 
der consists only in the opposition between facts and 
our opinions ; it disappears m proportion as we discover 
and appropriate the powers of nature to produce the 
same effects. To dispel the astonishment of those who 
might consider this a ground of distrust, I shall remind 
them that aluminous earth is likewise one of the com- 
monest substances, though the adamantine spar, no 
less rare than the diamond, is nevertheless alumina; 
that iron exists every where, under every form, except 
in the state of purity ; and that the existence of native 
iron is still doubtful." Since the preceding observations 
were written, native iron is stated to have been found 
in Canaan, in the United States of America. 

Diamonds are usually found in an ochreous, yellow 
earth, under rocks of grit-stone ; they are likewise found 
detached, in torrents, which have carried them from 
their beds. They have no brilliancy when dug out of 
the earth, but are covered with an earthy crust. The 
diamond was first discovered in Asia, in the provinces 
of Golconda and Visapour, in Bengal, and in the island 
of Borneo. About the year 1720, diamonds were first 
found in Brazil ; and a minute account of their dis- 
covery will be found in a volume of travels in that 
country, by the late Mr. Mawe, one of the most distin- 
guished mineralogists of his time. 

The primitive form of the diamond is the regular 
octoedron, each triangular facet of which is sometimes 
replaced by six secondary triangles, bounded by curved 
lines ; so that the crystal becomes spheroidal, and pre- 
sents forty-eight facets. Diamonds with twelve and 
twenty-four meets, are not uncommon. 

* Dr. John Thomson, notes on Fourcroy. 
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Why was it supposed that the diamond might contain 
oxygen? 

Because of its high refractive power. Such was 
the idea of MM. Blot mid Arrago. According to 
Biot, if tin: element!-: of which a si distance is conijmscrl, 
be known, their proportions may be calculated with 
the greatest nccuraey, from their refractive powers. 
Thus, he finds thai, tin: diamond rTiiin.it lie pure car- 
bon, hut requires, at least, out.-- fourth of hydrogen, 
which has thr (.Tcatesl refractive power of any sub- 
stance, to make its refract hm com mens: irate to its den- 
sity. Sir Humphry Davy, from the action of potassium 
on it, and its non-conduction of electricity, suggested, 
ill his third Bakerian lecture, that a minute portion of 
might exist in it ; and he threw out the idea, 



genous and chlorine class. — Ure. 

Why has the diamond so great lustre ? 

Because it reflects, all the light falling on its poste- 
rior Ktirfaco at an anitle of incidence greater than 
24" 13'. Artificial gems reflect half of this light. 

The base of all artificial stones is a paste composed 
of silcx, potash, borax, oxide of lead, and sometimes 
arsenic. The bW xilcx is obtained from rock crystal, 
and the next best from white sand, or flint- 

Why are diamonds used for the lenses of microscopes? 

Because they show us the real object, without any 
sensible aberration, like that produced by glass lenses. 
This arises from the enormous refractive 



e power pos- 
sessed by the diamond, and the consequent increase of 
amplification, with very shallow curves. Again, the 
refraction of diamond is nearly three times that of 
glass ; hence, in equal refractions, its dispersion will 
fie only one-third of the latter. 
We have elsewhere* noticed the cutting properties 



of the diamond. Dr. Wolkston, in the Pkiiosopkical 
Transactions, tins cteariy nhown ihnt it is only in tbe 
natural suite that, diamond can be. <te|iemled upon to 
cut or divide panes of glass ; and even rhen, a partic- 
ular crystallization in aloulutely necessary. The dia- 
iiii'jiii] ha-- also lir-i h i'liijilnv' ii in ornamenting steel. 
Thus, Mr. John liartoii, ut' the Ituyal .Mini, has pro- 
duced the mot In ■anlitiii display of prismatic colours, 
l>y divisions, 2000 in an inch, the lines being made 
with a natural diamond. It would be impossible 
convey the smallest idea of the exquisite beauty 

play of colours that are produced by these 

Why is Hit sapphire used for the lenses of 



ury and 

fmkn- 
itronger 



..e, after the diamond, it possesses 
refraction than any other si distance, capable orgiving 
n single image, while its dispersive power is very low. 
The faint blue tin sir of the <-appliire is not felt in thin 
small 1 1 uses formed ufihin .-iili-iMiii'i', wliirh ihus comes 
next in order to diamond ones, and forms an excellent 
substitute for the use of ih rise persons unable to afford 
the e>ij>eti»e of the latter. 

Why is the value of a tirilliant-cvt diamond esteemed 
equal to Unit of a similar rough, diamond of turfee the 
wejgAf, exclusive of tin ruM of wirkmarakip ? 

Because, by cutting :aul polishing, but especially 
by the former, ru umcli i^ taken away, tlmt the weighi 
of the polished gem due- uni tweed half that of the 
rough stone The art of cutting and polishing dia- 
monds, though probably of remote antiquity in Asia, 
was lirsl inlriiiluceil into Europe by Louis Bergiien, of 
Bruges, who occi den tally discovered, that, by rubbing 
two diamonds together, u new facet was produced. 

The Weight, and therefore, the value, of diamonds, 
is estimated in rarnts, 150 of which are about equal to 
1 oz. troy, or 480 grs. They are divided into halves, 
quarters, or carat grains, eighth, sixteenth, «> * lirty- 
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second parts. The difference of value between one 
diamond and another, is, generally speaking, as the 
squares of their respective weights : thus, the value of 
three diamonds, of one, two, and three carats' weight, 
respectively, is as one, four, and nine. The average 
price of rough diamonds is estimated at 21, per carat ; 
and consequently, when wrought, the cost of the first 
carat, exclusive of workmanship, will be 8/., which is 
the value of a rough diamond of two carats, 

£ 
A wrought diamond of 3 carats is worth 73 

4 126 

5 200 

10 800 

20 3,200 

30 7,200 

40 12,800 

50 20,000 

60 28,800 

100 80,000 

This mode of valuation, however, only applies to 
small diamonds, in consequence of the difficulty of 
finding purchasers for the larger ones. 

Why are diamonds calkd nude and female f 
Because a hard and soft stone are often united in the 

same gem ; the hard stone being called by diamond 

cutters a he, and the soft one, a she. 

Why is a diamond said to be of the first water? 

Because it is perfectly transparent and pure. The 
snow-white diamond is most highly prized Dy the jew- 
eller. Diamonds have, however, been found nearly of 
all colours : next to the colourless, in esteem, are those 
of a decided red, blue, or green tint. Black diamonds 
are' extremely rare ; those which are slightly brown, or 
tinged only with other colours, are least valuable. 

The largest known diamond is probably that men- 
tioned by Tavernier, in the possession of the Great 
Mogul. Its size is about that of half a hen's egg; is 
cut in the rose form, and when rough, is said to have 
weighed 900 carats. It was found in Golconda, about 



I 
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the year 1650. Among the crown jewels of Russia is 
a magnificent diamond, weighing l!io carats. It is [he 
size of a small pigeon's- egg, and was formerly the eye 
of a Brahuunieal idol, whence it was purloined by a 
French soldier ; it passed through several hands, and 
was ultimately purchased by ihc Empress ('iiihnrine, 
for the sum el' C'"!,0(J0 it n.-iid\ iiiuini. and an annu- 
ity of £4000. Perhaps the most perleel and boautiiul 
diamond hither!., llnni.l. is a brilliant brought from In- 
dia hy an English iri-ntl -.-iiuin, named I'ill, who sold it 
to the Regent Duke of Orleans, hy whom it was placed 
among the crown jowi-Ip of Kranee. It weighs rather 
more than 136 carats, and was purchased for £100,000. 
— Brandt. 

Diamonds, equal to tliosc of Brazil, have also been 
recently found in the Ural chain of n 
Russia. 



JPky is carbon so important in I In- i-i-tri-fahte kingdom? 

Because it is not only a cianpraieiii part, but it forms 
nearly the whole of tin? solid basis ot all vegetables; 
and their infinite varieties may be attributed to the 
different modi lie at ions of carbon, as well as of the other 
principles which enter into their constitution. 

Why are so nmmj pi'jilm:ls »f vnriliition indebted to 
carbon for their produce ? 

Because carbon nut c.nly constitutes the base of the 
woody fibre, Imt is n component part of sugar, and of 
all kinds of was, oils, gums, and resins: and of these 
again how in I'm ire is de j i nrieij . — Parkrir. 

Why is carbon also important m the animal kingdom S 

Because it enters into the composition of animal 
milk, and of animal oils and fat ; it is also found in 
albumen, gelatine, fihrinu, and in many of the animal 
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affinity to oxygen, that when assisted by heat, it will 
take it from both substances with which it may be 
combined ; and in certain proportions, they form car- 
bonic acid gas. The composition of carbonic acid has 
been proved by analysis, as it has been actually decom- 
posed, and the charcoal or carbon exhibited entire. 

Why was carbonic acid also called fixed airf 

Because it was so intimately combined in chalk, 
lime-stone, magnesia, &c. It is to Dr. Black we owe 
the discovery of carbonic acid gas. Mr. K«?ir was the 
first who suspected it to be an acid ; and Dr. Priestley 
afterwards announced that a portion of it was always 
found in atmospheric air. 

Again, it is probably decomposed by the organs of 
plants, its base furnishing part, at least, of the carbon 
that is so abundant in the vegetable kingdom, and its 
oxygen contributing to replenish the atmosphere with 
that necessary support of life, which is continually 
diminished by the respiration of animals, and other 
cause. 

Saussure found carbonic acid in air from the sum- 
mit of Mont Blanc ; and Humboldt discovered it in 
air brought from a height of many thousand feet, to 
which he had ascended in a balloon. Its production 
in the lungs is easily shown, by blowing the expired 
air through lime-water, by means of a small tube : it 
becomes milky, and soon deposits carbonate of lime. 

During the past year, likewise, Saussure has com- 
municated to the Physical and Natural History So- 
ciety of Geneva, some interesting experiments, to 
determine the variations of carbonic acid in the atmos- 
phere. He found, that, near Geneva, 16 metres above 
the level of the lake, 10,000 volumes of air contained 
4.15 of carbonic acid, as the mean of 104 experiments, 
made day and night, and at all seasons of the year; 
the air being taken four feet above the ground. An 
increased quantity of rain appeared to diminish that 



of the carbonic acid, either by dissolving it, or causing 
the soil to do 90. It was found, thai during the night, 
the quantity of carbonic acid was greater than that of 
the day, in the proportion of 4JB to 336 ; but if the 
wind were strong,! heu scarcely any difference occurred. 
The greater quantity of carbonic arid occurring in the 
night, is attributed to the want of decomposition, which 
arises from vegetation d uring the day : a result which 
favours the explanation of the above question. A short 
frost, which does not penetrate the earth to more than 
• an inch, does not appear to cause any variation in the 
quantity of carbonic acid ; but when the frost continues 
long, the dryness which it occasions, increases the pro- 

Ertioo. It was also found, that the quantity of car- 
uic acid is greater during tiie day in a city than in 
the country, thai the variations occasioned by the sea- 
sons are analogous, and that the quantity of carbonic 
acid increases more by the influence of night in the 
country than in the town. The air of the plains con- 
tains more carl>onic ocid than that of the mountains ; 
which difference is explained by considering (hat the- 
decomposition of the mid occurs principally where 
VBgetatton is most abundant, as it is in the plains, and 
that the gas is absorbed by the enrtb there, because it 
contain* more tam-waXer.— Abridged from La Bibtiiy- 
thiquc UhivcrseUe. 

It'hy is a bluejlame so often seen upon the surface of 
a cltarcoaljirc ? 

Because the combustion of the carbonic oxide is 
formed in this way : the; nir entering at bottom, forma 
carbonic acid, which, passing through the red hot char- 
coal, becomes converted into carbonic oxide. Hence 
arises the danger of burning charcoal in ill ventilated 
chain hers. 

Why is carbonic acid frtqitently found at Git bottom of 
mines, wells, f(c3 

Because it is much heavier than atmospheric air. 
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Workmen ought never to venture into such places 
without previously letting down a lighted candle. If 
the candle burns, they may enter safely ; if not, quick- 
lime should be let down in buckets, and gradually 
sprinkled with water. As the lime slacks, it will ab- 
sorb the carbonic acid gas, and the workmen may af- 
terwards descend in safety. — Parkes. 

In these cases, the carbonic acid issues from crevices 
in the earth, and is produced by unknown sources. 
Similar accidents happen to persons incautiously de- 
scending into brewers' vats, before they have been pu- 
rified from this gas. We were told of three or four 
such cases at the brewhouse of Messrs. Barclay and 
Perkins, as we were walking over their stupendous 
store- vats a few years since. 

The noxious properties of carbonic acid, or choke- 
damp, in mines, nave already been noticed in connexion 
with the Safety Lamp, (See p. 54, et seq.) 

Why do persons experience difficulty of breathing, 
giddiness, and faintness, in crowded ana illuminated 
rooms, which are ill-ventilated ? 

Because of the excess of carbonic acid which is al- 
ways produced by the respiration of animals. In like 
manner, some manufactories are very unhealthy ; as 
all common combustibles, such as coal, wood, oil, wax, 
tallow, &c. contain carbon as one of their component 
parts ; so the combustion of these bodies is always at- 
tended by the production of carbonic acid. It is not, 
therefore, surprising, that carbonic acid should be al- 
ways present in the atmosphere. Indeed, the great 
wonder is, considering the abundance of its sources, 
that it does not accumulate to an injurious degree, 
as it certainly would, without one of those admirable 
and providential compensations which perpetually 
strike us among the laws of nature ; by which it is 
provided, that the process of vegetation should remove 
the contamination produced by the animal part. 

PART XII. I 
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Carbonic oxide, when respired, is fetal to aninnl 
life. Sir Humphry Davy took three inspirations of it 
mixed with about one-fourth of common air ; the effect 
was a temporary loss of sensation, which was succeeded 
by giddiness, sickness, acute pains in different parts of 
the body, and extreme debility. Some days elapsed 
before he entirely recovered. Since then, Mr. Witter 
of Dublin was struck down in an apoplectic condition 
by breathing this gas ; but he was speedily restored by 
the inhalation of oxygen. 

Why have workmen often lost their lives by sleeping 
too near limekilns ? 

Because carbonic acid gas is extricated from the 
kilns in great abundance. 

This brings to our recollection an incident, which 
occurred a Jew years back at a limekiln adjoining the 
old Bristol road, and manifests how perfectly insensible 
the human frame may be to pain in peculiar circum- 
stances. It is related by Mr. Leonard Rnapp, in his 
interesting Journal of a Naturalist, and though not 
exclusively illustrative of the above question, we are 
induced to quote his narrative : — " A travelling man 
one winter's evening laid himself down upon the plat- 
form of a limekiln, placing his feet, probably numbed 
with cold, on the heap of stones newly put on to burn 
through the night. Sleep overcame him in this situa- 
tion ; the fire gradually rising and increasing, until it 
ignited the stones upon which his feet were placed. 
Lulled by the warmth, he still slept ; and though the 
fire increased until it burned one foot, (which probably 
was extended over a vent-hole) and part of the leg, 
above the ancle, entirely off, consuming that part so 
effectually, that no fragment of it was ever discovered 
— the wretched man slept on ! and in this state was 
found by the kiln-man in the morning. Insensible to 
any pain, and ignorant of his misfortune, he attempted 
to rise and pursue his journey, but missing his shoe, 
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requested to have it found ; and when he was raised, 
putting his burnt limb to the ground to support his 
body, the extremity of his leg-bone, the tibia, crumbled 
into fragments, having been calcined into lime. Still 
he expressed no sense of pain, and probably experi- 
enced none, from the gradual operation of the fire, 
and his own torpidity during the hours that his foot 
was consuming. This poor drover survived his mis- 
fortunes in the hospital about a fortnight ; but the fire 
having extended to other parts of his body, recovery 
was hopeless." 

Wku art dogs kitted by entering the ' Grotto del cam} 
in Maty, while man enters tmth safety ? 

Because the floor of the grotto is lower than the 
door, and this hollow is always filled with fixed air, 
which can rise no higher than the threshold, but there 
flow! oat like water. It has been a common practice 
to drive doffs into this cavern, where they suffer a tem- 
porary death for the entertainment of the passengers ; 
but a man walks in with safety, because his mouth is 
far above the surface of this deleterious air. The lake 
of Averno, which Virgil poetically describes as the en- 
trance to the infernal regions, evolves so large a quan- 
tity of this gas, that birds, flying over it, drop with suf- 
focation. — Partes. 

Why does carbonic acid gas Jill the apparently empty 
space, or upper part of the vessels, in which vinous fer- 
meniation ts gotng onf 

Because of the great weight of the gas, which pre- 
vents its ascent Dr. Ure observes, " a variety of strik- 
ing experiments may be made in this stratum of elastic 
fluid. Lighted paper, or a candle dipped into it, is 
immediately extinguished ; and the smoke remaining 
in the carbonic acid gas, renders its surface visible, 
which may be thrown into waves by agitation, like 
water. If a dish of water be immersed in this gas, and 
briskly agitated, it soon becomes impregnated, and ob- 
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tains the pungent taste of Pyrmont water. In conse- 
quence of the weight of the carbonic acid gas, it mar 
be lifted out in a pitcher, of bottle, which, if well 
corked, may be used to convey it to great distances; 
or it may be drawn out of a vessel by a cock, fflce a 
liquid. The effects produced by pouring this invisible 
fluid from one vessel to another, nave a very singular 
appearance : if a candle or small animal be placed in 
a deep vessel, the former becomes extinct, and the lat- 
ter expires, in a few seconds after the carbonic acid gas 
is poured upon them, though the eye is incapable of 
distinguishing any thing that is poured. If, however, 
it be poured into a vessel full of air, in the sunshine, 
its density being so much greater than that of the air, 
renders it slightly visible, by the undulations and 
streaks it forms in the fluid, as it descends through it" 

Carbonic acid has a peculiar, sharp taste, which may 
readily be perceived over the vats in which wine or 
beer, is fermenting, as also in sparkling Champagne, 
and the brisker kinds of cider. It consists in 100 parts, 
of oxygen 72.72, the other 27.28 being pure carbon. 
It not only destroys life, but the heart and muscles of 
animals killed by it, lose all their irritability, so as to 
be insensible to the stimulus of galvanism. 

Butterflies and other insects, of which it is desired 
to preserve the colours unimpaired, may sometimes be 
conveniently suffocated by this gas. 

Why has soda water a brisk, sharp taste $ 
Because it is water, which, by artificial pressure with 
forcing pumps, has been made to absorb two or three 
times its bulk of carbonic acid, according to its sharp- 
ness. When there is added a little potash or soda, it 
becomes aerated or carbonated alkaline water: — "a 
pleasant beverage," observes Dr. Ure, "and a not in- 
active remedy in several complaints, particularly dys- 
pepsy, hiccup, and disorders of the kidney." The ef- 
fervescent quality of many mineral waters is referable 
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to the presence of this gas, and they are often imitated 
by condensing carbonic acid into water, either by a 
condensing pump, or by a Nooth's apparatus, consist- 
ing" of three vessels connected, which the observant 
reader may have noticed in the shops of chemists. We 
have already mentioned the water of Pyrmont : Spa 
and Seltzer are also instances : the last particularly, is 
highly impregnated with this acid. These waters are 
so pleasant and salutary, that various imitations of 
them, made in this country, are sold under the names 
of single and double soda water. They are manufac- 
tured by several houses in London, equal in every re- 
spect to the natural waters imported from the continent. 
Seltzer water is, we know, frequently introduced at the 
dinner tables of the wealthy, in tall stone bottles, simi- 
lar to those used for beer in France and the Nether- 
lands, and formerly used for spruce-beer in this country. 

The strength of soda water, or the quantity of car- 
bonic acid gas which it contains, is not, however, its 
main excellence ; it should also contain soda. We know 
a patentee of soda water who nearly lost his life by ex- 
perimenting upon the strength of his apparatus, which 
once burst with tremendous violence ; the copper of 
the vessel, though of considerable thickness, was riven 
or torn asunder : he showed one of its fragments to Sir 
Humphry Davy, who requested it for his laboratory. 

Carbonic acid gas may be rendered liquid by great 
pressure, and Mr. Brunei has endeavoured to apply 
this liquid as a mechanical agent for the production of 
motive power. 

Why are carbonates so called) 

Because they are combinations of carbonic acid with 
the alkalies, metallic oxides, in earths, and in stones ; 
particularly in chalk, limestone, and marble. Thus, a 
cubic inch of marble contains as much carbonic acid 
in combination, as would fill a four-gallon vessel when 
in the state of gas. — Parkes. 

i 9 
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Why is plumbago improperly called black lead? 

Because it consists of iron, and a certain proportion 
of carbon ; and thus, there is no lead in its composi- 
tion. Many other instances might be adduced, in 
which the names of substances have given false ideas 
of their nature and properties. Thus, white and green 
copperas contain no copper, but are formed, the one 
with zinc, the other witn iron. 

Why is plumbago muck used for making crucibles 
and portable furnaces? 

Because, like charcoal, it is indestructible by heat, 
unless with the presence of atmospheric air. It pro- 
tects iron from rust, and is on that account rubbed on 
various ornamental cast-iron works, such as the fronts 
of grates, &c. 

Why is cast-iron submitted to a long intense heat, to 
be converted into wrought iron ? 

Because by this means the carbon burns, and, unit- 
ing with the oxygen, both go off in the state of car- 
bonic acid gas. 

Why do pit-coals vary in quality? 

Because of the different proportions of carbon and 
bitumen which they contain ; but carbon is the chief 
ingredient in all. 

Why are some coals called slaty? 

Because they hold also from 10 to 40 per cent of 
earth ; and some coals likewise contain a considerable 
quantity of sulphuret of iron, known by the name of 
martial pyrites. 

There are four species of coal very distinct from each 
other: viz. the graphite of Werner, or plumbago; the 
anthracolite ; the jet, or pitch coal ; and the common 
coal. One hundred parts of plumbago contain, accord- 
ing to Berthollet, about 90 per cent, of charcoal, and 
10 of iron. Anthracolite, or anthracite, is distinguished 
from other coal by burning without flame, and is some- 
times called stone coal : it is composed of 64 carbon, 
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._ flica, and 3 parts of iron. Jet occm 

it Whitby, iu Yorkshire, in Bavaria, and in France, 
near the Pyrenees. It is composed of 715 parts char- 
coal, 29 parts bitumen, mid two parts earth. Common 
coal is composed of bitumen mid charcoal, and varies 
according to the places where it is procured. 



JThy is oxygen so called? 

Because it enters into the composition of a large ma- 
jority of the acids, {from two Greek words, signifying 
the formation of acids) and was formerly supposed 
to ImmIii- general acidifying principle. 

Sir Humphry Davy appositely observes, that the 
great chemical agent, oxygen, is at once necessary in 
all the processes of life, and ail (hose of decay, m which 
nature, as it were, takes again to herself those in-tru- 
Tiienls, organs, and powers, which had tor awhile been 
borrowed, and employed tor the purpose or the wants 
Of the living principle. 

Growing vegetables, exposed to the solar light, give 
out oxygen gas ; as do leaves laid on water in similar 
situations, the green matter, that forms in water, and 
some other sultstanees. 

Why is lead, exposed to a stroiig heal, and fret access 
of air, converted into a bright red substance, knoum as 
nttnnun, or red lead ? 

Because the lead gives out the oxygen which it had 
previously attracted from tin:: air at a lower tempera- 
ture. Tin 1 red ]ii'TJ|iii;i[r of the druggists is similarly 
produced from quicksilver, which, in the operation, 
increases its weight about S per cent. 

Oxygen gas v I-'- obtained in its greatest purity 

from the salt called chlorate of potassa. After the dis- 
covery of tills gas, it was adopted by Lavoisier as the 
universal supporter of combustion. The basis of the 
gas was supposed to unite to the combustible, and the 
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heat and light which it before contained in the gaseous \ 
«tate, were said to be evolved in the form of flame. 
But in this case several requisites are not fulfilled ; the 
light depends upon the combustible, and not upon the 
quantity of oxygen consumed ; and there are very nu- 
merous instances of combustion, in which, oxygen, in- 
stead of being solidified, becomes gaseous during the 
operation : and, lastly, in others no oxygen is present 
Combustion, therefore, cannot be regarded as depen- 
dent upon any peculiar principle or form of matter, 
but must be considered as a general result of intense 
chemical action. We quote this perspicuous theory 
of combustion from Mr. Brande ; its dependence upon 
electricity has been already noticed, as well as several 
propertied of oxygen, in connexion with the general 
subject of combustion. (See pp. 60 to 65.) 

CHLORINE. 

Why is chlorine so called? 

Because its colour is green (from the Greek word 
for green). 

Dr. Ure observes, "the introduction of this term, 
(chlorine) marks an era in chemical science. It origin- 
ated from the masterly researches of Sir Humphry 
Davy, on the oxymuriatic gas of the French school ; a 
substance, which, after resisting the most powerfiil 
means of decomposition which his sagacity could in- 
vent, or his ingenuity could apply, he declared to be, 
according to the true logic of cnemistry, an elementary 
body, and not a compound of muriatic acid and oxy- 
gen, as was previously imagined, and as its name 
seemed to denote. He accordingly assigned to it the 
term chlorine, descriptive of its colour, a name now 
generally applied." 

Why are chlorine and its aqueous solution used to 
prevent infection? 
Because chlorine has the power of decomposing the 
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nocuous compounds which produce contagion, and re- 
solving them into others, which are harmless. Even 
when combined with lime, in the substance usually 
known as bleaching powder, chlorine retains this anti- 
septic power. For the purposes of fumigation, chlo- 
rine, liberated from manganese and muriatic acid, or 
manganese salt and sulphuric acid, may be diffused 
through the atmosphere of the infected chambers, or 
the infected goods may be exposed to it. In the same 
way, the offensive odour of dead bodies may be miti- 
gated by sprinkling them with solution of chlorine. 
Chloride of lime has also been successfully used in 
cases of burns ; to destroy the stench of bilge- water 
in ships, and to correct the confined air in their holds ; 
as well as to destroy the fire-damp in mines. 

Why is bleaching powder always used in a liquid form ? 

Because it has the property of bleaching only when 
water is present Thus, if a piece of dry litmus paper 
be introduced into a jar of dry chlorine, it will suffer 
no change ; but if previously wetted, the colour will 
speedily disappear. The colours of printed calico may 
readily be discharged by the same means. 

The addition of the water to the chloride of lime, 
(or bleaching powder) effects its partial composition : — 
one half of the chlorine leaves the lime, and dissolves 
in the water ; and this is the bleaching liquid of the 
shops, which is sold at a high rate, although it cannot 
cost more than a farthing a gallon. Sometimes this 
fluid is applied immediately to the substance to be 
bleached, but sometimes a weak acid is added, to de- 
stroy the slight affinity of the chlorine for the lime, 
and you will see by this addition, how much the 
bleaching power of the fluid is increased. The manu- 
factory of the chloride of lime is carried on on a large 
scale in the north of England, by passing chlorine into 
leaden chambers, containing hydrate of lime in fine 
powder. — Brandt. 
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8cbo^fii«reMMkeddiMbl eiichin g |Eij|iqU ;Ber- 
thollet applied it to the art of bleaching in France; 
and from him Mr. Watt introduced its use into Great 
Britain. 

BEOMOE A2fl> IOTOHE. 

Why is Bromine at caUcdf 

Because of its origin from a Greek word signifying 
u a strong disagreeable odour." In like manner, iodine 
is named from a Greek word signifying "violet-co- 
loured," which distinguishes its vapour. 

Bromine and iodine have only very lately been dis- 
covered, and they belong to that class of substances, 
with whose use in the economy of nature we are at 
present totally unacquainted, and which have not yet 
been applied to any practical purpose : nevertheless, 
they are objects of tne greatest interest to the chemist ; 
and the study of their properties is particularly instruc- 
tive, on account of the analogy which subsists between 
them and chlorine. 

Bromine probably exists in sea-water, but its relative 
proportion must be exceedingly minute. One hundred 
pounds of sea-water, taken up at Trieste, afforded 5 
grains of bromide of sodium=&3 grains of bromine. 
Here the bromine is unaccompanied by any iodine ; 
and the same appears to be the case with the waters of 
the Dead Sea. In the water of the Mediterranean, on 
the contrary, iodine is always found with bromine. It 
is most readily recognised by evaporating the water, 
so as to separate all its more ordinary crystallizable 
contents, reducing the remainder to a very small bulk, 
and dropping in a concentrated solution of chlorine. 
The appearance of a deep yellow tint announces bro- 
mine. Dr. Daubeny, Professor of chemistry at Oxford, 
has discovered iodine and bromine in several salt 

?>rings and mineral waters of this country ; and the 
rofessor conceives that his analyses will tend to throw 
some light on the connexion between the chemical con- 
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stitution of mineral waters and their medicinal quali- 
ties. Bromine has alscr been obtained from the ashes 
of sea-weeds, and we shall presently have occasion to 
notice its connexion with the cause of the ocean's tint. 
Thus, it has been discovered, not only in the waters of 
the ocean, but in certain salt springs, in the ashes of 
marine plants, and, according to Mr. Brande, in those 
of some marine animals. 

Bromine acts with energy on the animal functions. 
A drop, let fall into the beak of a bird, was sufficient 
to kill it. Iodine was accidentally discovered in 1812, 
by M. de Courtois, a manufacturer of salt-petre at 
Paris. In his processes for procuring soda from the 
ashes of sea-weeds, he found the metallic vessels much 
corrode^, and in searching for the cause of the corro- 
sion, he made this important discovery. But for this 
circumstance, merely accidental, one of the most curi- 
ous of substances might have remained for ages un- 
known ; since nature has not distributed it, either in 
a simple or compound state, through her different 
kingdoms, but has stored it up in what the Roman 
satirist considers as the most worthless of things — the 
vile sea- weed. — Ure. 

Iodine has been successfully applied in cases of can- 
cer and bronchocele. 

HYDROGEN. 

Why is hydrogen employed for filing air-bdUoons ? 

Because it is much lighter than the atmosphere ; the 
principle upon which balloons are constructed being, 
that a solid rises in the atmosphere with any given 
force, when its weight is less than the weight of the air 
which it displaces by the amount of tiiat force. Hydro- 
gen is the lightest substance in nature at present 
known, being 14.4 less denBe than common air, 16 
times less dense than oxygen, and 14 times less dense 
than nitrogen. Pure hydrogen gas is not, however, 
necessary to fill balloons ; and carburetted hydrogen gas, 



such Ha is used to light the streets, has been advan- 
tageously substituted. 

Dr. Ure considers every rubir foot of gas included 
in a linlloon, !o have by itself it buoyancy of fully one 
ounce avoirdupipise in tin; atmosphere. Hence, a lud- 
loon of ten feet diameter "ill have an aseCTisiiiuul 
force of fully ii'J-i it., it Si 11k. mm,,/, I he weight of the 
314 superficial feet of the varnished nilk enveloping 
the gas ; and one of 30 fisct diameter, a buuyiuicy ot 
fully \i,VI7.<z. or nearly !-!>l> lbs. minus the weight of 
the 2^27 feet of envelop*:. The subject of balloons, 
generally, belongs to Pneumatics. 

Hydrogen also forms a. component of nil vegetable 
and animal products, and it) lln rdiire iihuinltiiHly dif- 
fused throughout nature. It may be respired for a 
short time, though it is instamly iiitiil en nil small ani- 
mals, M. Maunoir, after having breathed a quantity 
of pure hydrogen, found that his voice had become re- 
markably shrill. It is inflammable, and etui ignis lies 
flame. When pure, it burns quietly, with a lam' 
flame at this surface, in contact with air; but if ir, 
with thrice its volume of air, it burns rapidly, and with 
detonation. 

THE BLOWPIPE. 

Why is the goj blowpipe so important an t 
in cktimcai analysis, lfC.J 

Because it enables us to employ a mixture of osygen 
and hydrogen gases, and thus to produce the most 
powerful heat yet known. This may be shown hy pre- 
paring a bladder full of each of these airs, and forcing 
some out of each, into a common tube connected with 
both, and throwing a stream of the mixed gases oa 
burning charcoal, oron any other substance in the act 
ot' con i bust ion. These Mm Idcrs should each be fur- 
Dished with a small metallic pipe and stop-cock, and 
the tube connecting with both should have a very small 
orifice, in order that a regular stream of the commixed 
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gas may be thrown upon the burning substance. This 
is called the hydro-oxygen blowpipe, and its construc- 
tion and use were illustrated by the late Dr. E. Clarke, 
in a series of beautiful experiments in the fusion and 
reduction of earths and metals, and their compounds. 
Mr. Hare of Philadelphia, also fused, by this appara- 
tus, porcelain, common pottery, Wedgwood's ware, 
pipe and porcelain clay, fine brick, common brick, and 
compound bricks, with equal ease. M. Lampadius, 
on making use of the gas blowpipe, found the heat, 
which is produced by the combustion of oxygen, with 
carburetted hydrogen gas, procured from coal, to be 
more intense than that with pure hydrogen. Mr. Brande, 
however, thinks the above blowpipe always a danger- 
ous instrument, and adds, "nearly as intense a tempe- 
rature may be safely produced by propelling oxygen 
through the flame of a spirit lamp." 

Why is the common blowpipe, or simple bent tube, 
less advantageous than that just described ? 

Because it is hurtful to the lungs, and cannot be 
used but with much inconvenience, from the necessity 
of keeping up a continued blast To effect the latter, 
bellows have been added, but as portability is a great 
object, they are more objectionable than bladders, 
which occupy little room when empty, and may bo 
quickly filled with air. Mr. K. T. Kemp, of Edinburgh, 
has, however, invented a blowpipe which is very port- 
able, requires scarcely any exertion of the lungs, one 
expiration into it being sufficient to produce a contin- 
ued blast for about two minutes — and occupies very 
little space. It is described and drawn in Jamesons 
Journal for 1829, and in the Arcana of Science and Art 
for 1830, p. 145. J 

Why is hydrogen so called I 
Because it is one of the elements of water (from the 
two Greek words signifying the formation of water). 
part xi:. K 
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Thus, when two volumes of pure hydrogen gas are 
mixed with one volume of pure oxygen gas, and the 
mixture inflamed in a proper apparatus by the electric 

rk, the gases totally disappear, and the interior of 
vessel is covered with drops of pure water, equal 
in weight to that of the gases consumed. Again, if 
pure water be exposed to the action of voltaic electri- 
city, it is resolved into two volumes of hydrogen, disen- 
gaged at the negative pole, and one volume of oxygen, 
disengaged at the positive pole ; so that water is thus 
proved by synthesis, and by analysis, to consist of two 
volumes of hydrogen combined with one of oxygen. 
We quote this illustration from Mr. Brande, who adds, 
" the experiments illustrating the composition of water, 
and showing the proportions in which its elements are 
united, are amongst the most important in chemistry. 
The readiest means of decomposing water is as fol- 
lows : — take a gun-barrel, the breech of which has been 
removed, and fill it with iron wire coiled up. Place it 
across a common chafing-dish, and connect to one end 
of it a small glass retort, containing some water ; and, 
to the other, a bent tube, opening under the shelf of 
a water-bath. Heat the barrel redhot by means of 
charcoal, and apply a lamp under the retort. The steam 
of water, in passing over the redhot iron, will be de- 
composed, the oxygen will unite with the iron, and the 
hydrogen may be collected in the form of gas. This 
is the most economical way of making hydrogen in 
large quantities. Those who have had an opportunity 
of visiting an iron fbundery, may see this process con- 
tinually going on ; for when the melted metal is poured 
into the damp moulds, the water which they contain 
is decomposed, and the hydrogen which is given off is 
ignited ; and generally, from its mixture with the air, 
produces a slight explosion. If this experiment be made 
very carefully, by placing the iron wire, previously 
weighed, in a glass, or very compact earthen tube, in- 
stead of the gun-barrel, the weight which the iron will 
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have acquired, added to the weight of the volume of 
gas produced, will be found exactly to make up the 
weight of the water decomposed ; and they will oe to 
each in the proportion of eight to one. 

Water was, till modern times, considered as an ele- 
mentary or simple substance. In 1776, the celebrated 
Macquer made an experiment, by burning hydrogen 
gas in a bottle, without explosion, and holding a white 
china saucer over the flame. His intention appears to 
have been that of ascertaining whether any fuliginous 
smoke was produced ; and he observes that the saucer 
remained perfectly clean and white, but was moistened 
with perceptible drops of a clear fluid, resembling 
water; and which, in feet, appeared to him to be no- 
thing but pure water. In the following year, Buquet 
and Lavoisier experimented to discover what is produc- 
ed by the combustion of hydrogen ; but Dr. Priestley, in 
1781, appears to have first fired hydrogen and oxygen 
gas in a closed glass vessel ; the inside of which, though 
clean and dry before, became dewy. The inference 
respecting this was, that these airs, by combustion, de- 
posited the moisture they contained. Mr. Watt, how- 
ever, inferred from these experiments, that water is a 
compound of the burnt airs, which give out their latent 
heat by combustion. In the same year, Mr. Henry 
Cavendish was busied on the subject, which he illus- 
trated by a valuable series of experiments. The com- 
position of water was not known or admitted in France 
till the year 1783, when it was proved by MM. Lavoi- 
sier and de la Place. The grand experiment in France 
was, however, by Fourcroy, Vaquelin, and Se*guin, and 
was begun on May 13, 1790, and finished on the 22nd 
of the same month. The combustion was kept up one 
hundred and eighty-five hours with little interruption, 
during which time the machine was not quitted for a 
moment. The experimenters alternately refreshed 
themselves when fatigued, by lying for a few hours on 
mattrasses in the laboratory. The total weight of hy- 
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drogen and oxygen employed, was 7,249.23?; the 
weight of water obtained was 7,244 grains, or 12 oz. 
4 gros. 45 gr. ; the deficit being 4.227 gr. The water 
being examined, was found to be as pure as distilled 
water. 

The composition of water is best demonstrated, by 
exploding two volumes of hydrogen, and one of oxygen, 
in the eudiometer. They disappear, and pure water 
results. From the most careful experiments, it appears 
that a cubic inch of water, at the temperature of 60°, 
weighs 252.52 gr., and consists of 28.06gr. of hydro- 
gen, and 224.46 gr. of oxygen. The volume of the for- 
mer gas is 1,325 cubic inches, and, of the latter, 662, 
making together 1,987 cubic inches ; so that the con- 
densation is nearly 2000 volumoe in 1. 

Why is water universally found throughout nature? 

Because it possesses a large range of affinity for nat- 
ural bodies, or which it is capable of dissolving a great- 
er number than any other fluid. It is found not only 
throughout the earth in an uncombined state, with its 
particles in the different aggregates either of ice, water, 
or vapour, but in a permanent and chemical union 
with a vast number of substances, solid, fluid, and 
gaseous. The air of the atmosphere, and even that 
which is considered the driest, contains much water 
in solution. Many solid minerals, and crystallized 
neutral salts, contain water in their composition; some 
of the latter to more than half their weight. 

Why is hard water often improper for dyeing? 

Because it contains salts witn an earthy basis, which 
precipitate upon the stuff during boiling, and thus 
prevent the access of the colouring particles. Some 
of the earthy salts are indeed used m dyeing, but to 
alter and heighten particular colours. Well water is 
preferred in dyeing red, and other colours that want 
astringency ; as well as in the dyeing of stuffs of loose 
texture, as calico, fustian, and cotton. 



practice of lining wells with 



i the ammo 
bricks been condemned? 

Because bricks soften the hardest water, and give it 
an aluminous impregnation. — Dr. Percivcd. 

Why is water often found impregnated with sulphur- 
etted hydrogen gas ? 

Because of the spontaneous decomposition of pyrites, 
or sulpliuret of iron, where the spring rises. Hence, 
sulphuretted hydrogen <rns, which ('(Hisisls of sulphur 
held in solution by hydrogen gas, imparts the medicinal 
value to many celebrated springs, and is found very 
plentifully in all those natural waters, which emit that 
peculiar and offensive odour somewhat simdar to rotten 
eggs, or the semirings of a foul gun-barrel. At a me- 
dian] temperature, water will absorb from two-thirds 
lo three-fourths of its bulk of this gas, and even twice 
its bulk. 

Of this property were the several wells in London, 
supposed to In.: impregnated wiili tin- npiritus miindi, 
and sold !.>y the monks as a kind of spiritual nectar; 
tlie most celebrated of which n as the 1 loly- well, near 



Why does this water sann become turbid? 

Because the collision of I he sulphur lo the hydrogen 
is very weak. It soon deposits pure sulphur. Hence, 
the sulphureous pellicles that are found in the chan- 
nels in which this water Ileus, or the liuing of the casks 
and other vessels in which ii is usually conveyed. 

Why is the purest water that which faUs from the at- 



mosphere? 
Because 



cause, having touched air alone, it can contain 
nothing but what it gains from the atmosphere, and it 
is thus distilled without the chance of those impurities 
which may exist in the vessels used in an artificial ope- 
ration. — Sir Humphry Davy. 

tflty is rain-water collected in towns less pure than 
elsewhere ? 

k3 



rat 

Why ioa 'i^m dtor Jhwi tenter* 

Because mis sait is lieexxnposed by the carbonate of 
■ime in die water, and die alumina, carries down all 
sensible imptxrities. 

This appears a> be. in cut. a species of nitration, die 
•afiemry -it which, as a remedy for the limji i ninpaiianl 
of impurities of :he water oV the Thames* we hare al- 
ready zioQceiL. in Part 1 of ink work. That the Thames 
wans may be so purined is proved by the lirt, that 
ipou beimr sik*?n w sea in casks, and becoming putrid, 
when it is racked orE and exposed to the air. it grad- 
ually deposics a black slimy mad. becomes clear as 
crista!, and remarkably sweet and palatable. 

It mijw>r be expected that the Thames* passing a 
one town, and ilius receiving its impurities, should 
thereby acquire a. i-ulness. perceptible to chemical ex- 
amination if a •.•oasiiirrabie distance below the town ; 
but the most accurate eliminations prove that, where 
tiie stream is at all considerable* these impurities have 
no influence in permanently altering the quality of the 
water; and. as they are only suspended, that mere rest 
will restore the water to its original purity. By this 
ttloering process* or depuration, as is proved by Dr. 
Bcetock. in the PkUodopkual Transactions for "1829, 
part "i the quantkv of saline matter in the water was 
increased as much as fourfold. Thus, 10,000 gr.of 
the water left by evaporation a saline crust, and were 
found tt> cantata die tollowin? salts : 



Carbonate of lime 420 gr. 
Sulphate of ditto .66 

Muriate of soda 
Muriate of magnesia 



After exam. Before exam. 
1.55 gr. 
.12 

2.74 33 



r.do 1.90 



Thus, although the water, by this depurating pro- 
cess* freed itself from the great quantity of organic 
matter which it contained, and acquired a state of op- 
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nt purity, which might render it sufficiently proper 
>r many pur]>oses, yet that the quantity of salute mai- 
ler was increased as much as fourfold. The greatest 
proportionate increase is in the muriates, winch are 
very nearly twelve times more in the purified water 
than in that of the Thames in its ordinary slate. The 
carbonate of lime is between two and three times as 
abundant ns before, nnd the sulphate of lime between 
five and six times. This water, also, examined in its 
foul Btate, gave very obvious indications of both sul- 
phur and ammonia, neither of which could be detect- 
ed after depuration. 

This depurating process may be denominated a spe- 
cies of fermentation ; i. e. an operation, where a sub- 
stance, without any addition, undergoes a change 
the arrangement of its component parts, and a i 
compound or compounds are produced. The newly 
formed compounds were, in this ease, entirely gaseous, 
end, except a part of the carbonic acid, were dis- 
charged. The saline bodies, not being affected by ibis 
process, remained in solution, leaving the fluid free, 
indeed, from what are considered as impurities, yet so 
much loaded with earthy and neutral salts, as to be 
converted from a soft into a hard water. The source 
of the saline bodies may tie supplied to be the organic 
Substances, principally of an animal origin, which are 
so copiously deposited in the Thames: of these, the 
xcreme initio us matters, as well 
indecomposed animal Indies. 
f the softer and more soluble 
as the ferment, and are them- 
selves destroyed, while the salts which were attached 
to tliem arc left behind. It may be conceived, there- 
fore, that the more foul is the water, the more complete 
*ill be the subsequent process of depuration : and wo 
have hence an explanation of the popular opinion, that 
the Thames water is.peeuliarij valuable tor sea stores, 
i j impurity inducing the fermentative pro- 






most abundant 
as the parts of various 
The different species 
animal compounds 
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cess, and thus removing- from it nil those aubstancei 
which can cause it to ui.ulcrjio any further alteration. 

The great importance of filters need not lie further 
insisted on. In Paris, such an apparatus is to lie 
found in almost every house; yet tlic water of the 
Seine is of groat purity, and even purer than any of 
the tributary streams which surround it. It does not 
contain re than five grjiinsofsohil matter in the pint 

Within these lew menrlis, a plan lias been .submit led 
to the Royal Institution, for lilt e ring the river Thames 
beneath its bed. 

Why doe* water, unliki other liquids, increase in ttoi- 
umt, as it cools down to its pninl of congelation? 

Because, by ibis peculiar law, it may answer certain 
important pur[wisos in tlie economy of nature, which 
may be demonstrated as II. News : — the water which 
covers so large a portion of the surface of the globe, is 
one of the most efficient means of equalizing ita tem- 
perature, anil rendering those parts habitable, which 
would otherwise, be hriuuil up in perpetual frost, or 
scorched with intolerable hear. The cold air which 
rushea front the: polar region- progressively ulistracts 
lite heat from the great natural basins ol water, or 
lakes, till the whole mass is reduced to 40° (the freez- 
ing point being Iri*') ; but an he tenner point, by a wise 
providence, the. refrigerulmg influence- of the atmos- 
phere becomes nearly null ; for the superficial stratum, 
by farther cooling, becomes specifically lighter! Slid, 
instead of sinking to tin; bottom, as before, and dis- 
placing the warmer wate r, it now remains at the sur- 
face, becomes converted into a cake of ice, and pre- 
serves the subjacent, water from the further influence 
ofthe cold. It; like mercury, it continued to increase 
in density to its freezing point, the cold air would con- 
tinue to rob the mass of water of its heat, till the whole 
sunk to 32°, when it would immediately set into a 
solid stratum of ice, niid every living animal in it 
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3 perish; nnd in these latitudes, ft deep lake, w 

d, would never againbe liquified. At thetem- 

perature of 40", water is about 838 times heavier than 
atmospheric air. 

W% is the expansion of water by cooling, and at the 
" \ of becoming ice, a great cause of destruction w> 



Because, where ice forms in 
of stones, or when water, which has penetrated into 
ren ten t, freezes, ils expansion acts with tlir force of tin: 
lever or the screw, in destroying or se|>arating the 
parts of bodies. Akin to this, are the mechunical 
powers of water, as rain, hail, or snow, in descending 
Ijvini tin' atmosphere ; I'm- in acting upon tlio projections 
of solids, drops of water, or particles of snow, and still 
more, of hail, have :i power of abrasion : and a very 
soft substance, from its mass assisting gravitation, may 
break a much harder one. 

The rupture of iron and lead pipes by freezing, has 
been cursorily noticed clue where.'* The most interest- 
ing experiments upon the subject are, according to 
Brandt.-, those of Major William-. I ioinb- shells, about 
13 inclies in diameter, "md more than 2 inches thick, 
were tilled with water; the fuse-holes were then 
plugged with iron Iwlts — and thus charged, were ex- 
posed to the open air, at a temperature between 40° and 
19°. At the moment of congelation, the plugs were 
thrown out, and the ice protruded through the fuse- 
hole. When the plug was duly secured, the shell it- 
self hurst. The greatest difference observed in those, 
fxperiinents, between ilu- bulk of water hofore and 
nfler congelation, was : 174 : 184, Exposed to the air, 
' :s considerably in weight, by evaporation. 

" r uxder, as a cltemical agent, frequently rc- 
finto its elements 1 

s they are respectively concerned in thepro- 
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Because, not only the rain, but even the vapour in 
the air, attracted by the wood, gradually reacts upon 
in fibres, and assists decomposition, or enables its ele- 
ments to take new arrangements. Hence it is, that 
none of the roofs of ancient buildings, more than one 
thousand years old, remain, unless it be such as are 
constructed of stone ; as those of the Pantheon at Rome, 
and the tomb of Theodric at Ravenna, the cupola of 
which is composed of a single block of marble. The 
pictures of the Greek masters, which were painted on 
the wood of the abies, or pine of the Mediterranean, 
likewise, as we are informed by Pliny, owed their de- 
struction, not to a change in the colours, nor to the al- 
teration of the calcareous ground on which they were 
painted, but to the decay of the tablets of wood on 
which the intonaco or stucco was laid. Amongst the 
substances employed in building, wood, iron, tin, and 
lead, are most liable to decay from the operation of 
water ; then marble, when exposed to its influence in 
the fluid form. Brass, copper, granite, sienite, and 
porphyry, are more durable. — Sir H. Davy, 

Why do some stones decay sooner than others f 
Because much depends upon the peculiar nature of 
their constituent parts. Thus, when the feldspar of 
the granite rocks contains little alkali or calcareous 
earth, it is a very permanent stone ; but when, in gra- 
nite, porphyry, or sienite, either the feldspar contains 
much alkaline matter, or the mica, schorl, or horn- 
blende, much protoxide of iron, the action of water, 
containing oxygen and carbonic acid, on the ferruginous 
elements, tends to produce the disintegration of stone. 
The kaolin, or clay, used in most countries for the 
manufacture of porcelain or china, is generally pro- 
duced from the feldspar of decomposing granite, in 
which the cause of decay is the dissolution and sep- 
aration of the alkaline ingredients. 
This and the three previous illustrations are abridged 

FART XII. L 
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from the Dialogue Polo, or Time, in the posthumous 
work of Sir H. Davy, already named. We have no- 
where seen the philosophy of creation and decay more 
beautifully illustrated than in this treasurable little 
volume. 

Why is marble used for sculpture and architecture in 
preference to harder substances ? 

Because their durability is not in proportion to their 
hardness ; and marble, though much softer than gra- 
nite, resists longer the attacks of air and moisture. 

Why is the temperature of the sea more unjfbrm than 
that of any inland water, exposed to the atmosphere, and 
not a hot spring ? 

Because it possesses in itself a peculiar source of 
caloric, owing to a variety of causes, the operation of 
which is unknown to us. The vast body of the water, 
and the perpetual agitation to which it is exposed, ren- 
der it less liable to be affected by outward changes of 
temperature ; and this is particularly the case at a con- 
siderable depth below the surface ; at its upper part, 
however, it possesses an extensive range of temperature 
at different seasons of the year. On the shores of Eng- 
land, the surface of the sea is seldom, in the severest 
weather, lower in its temperature than 40°, or higher, 
in the hottest summer, than 65° ; whereas the heat of 
rivers, especially when they are shallow and their 
currents slow, rises higher and sinks lower than either 
of these points. — Booth, 

Why does seawater soon grow offensive by keeping* 
Because of the decomposition of the animal and 
vegetable matters which it contains in suspension; 
these, like all organic bodies, being peculiarly liable 
to change, and the salt in the water not being suffi- 
cient to preserve them from decay. 

Why is the sea usually of a green colour? 
Because, probably, of vegetable matter, and perhaps, 
partially, of two elementary principles, iodine and 
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brome, which it certainly contains, though these are 
possibly the results of decayed marine vegetables. 
These give a yellow tint when dissolved in minute 
portions in water, and this mixed with the blue of 
pure water would occasion seagreen. — Sir H, Davy. 

Why is it erroneous to suppose thai the salt in the sea 
has been gradually augmented by saline particles brought 
into it by rivers ? 

Because this conclusion is totally inadequate to ex- 
plain the immense quantity of salt existing in the 
whole mats of the ocean. If the average depth of the 
sea be ten miles, and it contain 2£ per cent of salt, 
were the water entirely evaporated, the thickness of 
the saline residue would exceed one thousand feet — 
BakewdFs Geology. 

Connected with the depth of the sea, the following 
interesting question has been noticed in a German 
Journal. Whether in the sea there be depths where 
no creature is able to live, or whether a boundary be 
assigned to organic life within those depths, cannot 
be ascertained. It, however, clearly appears from the 
observations made by Biot, and other naturalists, that 
fishes, according to their different dispositions, live in 
different depths of the ocean. 

Why is the Mediterranean of superior soilness to other 
seas? 

Because the Mediterranean expends, by evaporation, 
three times more water than it receives; the fresh 
water being so carried off from the surface. 

Why is the Dead Sea so called? 

Because no living creature is to be found in it 

Why is U said, that " nothing sinks in the Dead 
Sea"l 

Because of its extreme saltness. Mr. Madden, a 
recent traveller, bathed in this sea: he could lie, like 
a log of wood, on the surface, without stirring hand or 
foot, as long as he chose ; but with much exertion he 

1.3 
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could just dive sufficiently deep to cover all hk body; 
when he was again thrown on the surface, in spite or 
his endeavours to descend lower. On coming out of 
the water, Mr. Madden found his body coated with h, 
and likewise with an incrustation of salt, about the 
thickness of a sixpence. 

./team. 

Why has steam such extraordinary power t 
Because, in its constitution, two volumes ofhydrogen, 
and one of oxygen, are condensed into two volumes, 
A cubic inch of water at 40° is expanded by heat into 
1694 inches, or nearly a cubic foot of steam, at the 
temperature of 212° ; at which point it is equal to the 
mean elasticity of the atmosphere, or thirty inches of 
mercury ; when we see the phenomena of boiling. 

Water is susceptible of compression, as was origin- 
ally shown by Canton, and more lately by Mr. Perkins, 
who finds a pressure of 2000 atmospheres occasioned 
by a diminution of l-12th its bulk. (PkiL Trans. 1820.) 
If submitted to very sudden compression, water be- 
comes luminous, as has been shown by M. Desaignes. 
— Brandt. 

Why is steam considered universal in nature f 
Because it is not only formed from water at its boil- 
ing point, but rises slowly and quietly from it at all 
temperatures, even below the freezing point It is al- 
ways found mixed with the permanent gases of the at- 
mosphere, even in the driest weather ; as may be seen 
by the dew on a glass of water fresh drawn from a 
well in summer. Its elasticity at the freezing point is 
equal to 0.200-inch of mercury, and its force increases 
in a geometrical progression for equal increments of 
temperature. 

We have elsewhere quoted and simplified the appli- 
cations of steam,* and, accordingly, here only notice 
its constitution, which could not with propriety be 

* See Mechanic*, pp. 63 to 66. 
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for, as Sir Humphry Davy observes, "the 
steam-engine in its rudest form was the result of a 
chemical experiment; in its refined state, h required 
the combinations of all the most recondite principles of 
chemistry and mechanics ; and that excellent pniloso- 
pher who has given this wonderful instrument of power 
to civil society, was led to the great improvements he 
made by the discoveries, of a kindred genius, on the 
heat absorbed when water becomes steam, and of the 
heat evolved when steam becomes water." /'.' \, ' 

MURIATIC ACID. 

Why is muriatic acid gas termed, in more modern 
nomenclature, hydrochloric acid gas ? 

Because it consists of equal volumes of hydrogen 
and chlorine, mixed and exposed to light. The best 
mode of showing its composition, is to introduce into 
a small but strong glass vessel a mixture of the two 
gases, and to inflame them by the electric spark ; no 
change of volume ensues, and muriatic acid gas re- 
sults. — Brandt. 

Oil of vitriol poured upon common salt is a common 
method of purifying the chambers of the sick ; the 
chlorine, which is thus produced, being a powerful dis- 
infectant Common salt will remove fruit and wine 
stains from linen, from the salt being a- compound of 
sodium and chlorine. Sir H. Davy observes upon the 
first of these processes, " When common salt is de- 
composed by oil of vitriol, it was usual to explain the 
phenomenon by saying, that the acid, by its superior 
affinity, aided by heat, expelled the gas, and united to 
the soda. But, as neither muriatic acid nor soda exists 
in common salt, we must now modify the explanation, 
by saying, that the water of the oil of vitriol is first 
decomposed; its oxygen unites to the sodium, to form 
soda, which is seized on by the sulphuric acid, while 
the chlorine combines with the hydrogen of the water, 
and exhales in the form of muriatic acid gas." 

l 3 
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Why is muriatic acid, dissolved in water, catted spi- 
rit of salt t 

Because it is commonly procured by distilling a mix- 
ture of dilute sulphuric acid with common Bah ; as, 32 
parts of salt, and 22 of sulphuric acid, diluted with one 
third its weight of water. The quantity of real acid 
in muriatic acid of different densities, is best ascer- 
tained by the quantity of pure carbonate of lime, (Car- 
rara marble, for instance) which a given weight of the 
acid dissolves. Every 50 grains of the carbonate are 
equivalent to 37 of real acid. — Brandt* 

Muriatic acid is much employed in the arts. It is 
the best test for silver : if a single drop be poured into 
any solution containing this metal, a copious precipi- 
tate ensues, owing to the affinity of this acid for tne 
silver, and the insolubility of the muriate of silver thus 
formed. Muriatic acid dissolves tin and lead. 

Why is muriatic acid recommended for cleaning old 
books and prints ? 

Because, though it removes the stains of common 
ink, it does not affect printers' ink. For the latter use, 
add half an ounce of red lead to three ounces of com- 
mon muriatic acid. Where writings have been effaced 
for fraudulent purposes with this acid, sulphoret of am- 
monia, and prussia te of potash, will revive the writing 
and discover the artifice. Very old writing may be 
revived in this way. If indigo and oxide of manga- 
nese be added to common ink, it will prevent its be- 
ing effaced by chlorine. — Paries. 

With various bases, muriatic acid forms the salts 
called muriates ; and muriates, when in a state of dry- 
ness, are actually chlorides. 

NITROGEN. 

Why is nitrogen also called azote 7 

Because an animal immersed in it is immediately 
suffocated (from a, privative, and fay, life) : but, if 
that term be taken in its strict sense, all gaseous bodies 
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(excepting atmospheric air) might be included under 
it; for even oxygen itself will not indefinitely support 
life : moreover, nitrogen, as it exists in the atmosphere, 
mixed with oxygen, appears to be absolutely essential 
to animal life ; for no other gas can be substituted for 
it. If we consider the term nitrogen as merely imply- 
ing that it is a component of nitric acid, it is explicit 
and unobjectionable. We, therefore, adopt it in pre- 
ference to that of azote. — Brandt* 

Whether nitrogen is or is not a simple body has been 
much discussed among eminent chemists, without any 
conclusive result In Silliman's American Journal for 
1829, we read of a discovery of nitrogen gas issuing 
in almost a pure state from the earth, through three 
springs, in Hoosick, New York. According to Trous- 
set, the gas emitted by the skin is pure nitrogen ; and 
Mr. Faraday has proved that if sea-sand, after ignition, 
be handled, it will yield an azotic impregnation from 
the akin, which the sand itself would not do. 

Professor Emmett recommends the preparation of 
nitrogen by dipping zinc into fused nitrate of ammo- 
nia : it is instantly oxidized and dissolved, and nitrogen 
and ammoniacal gases are evolved. Every grain of 
the metal furnishes nearly a cubic inch of the gas ; 
while the ammonia, which also escapes, becomes 
wholly condensed, as soon as it enters mto the water 
of the pneumatic cistern. 

Why is there so much nitrogen in atmospheric air, 
seeing that it is injurious to animal life ? 

Because it dilutes and modifies the oxygen of the at- 
mosphere, so as to prevent too rapid combustion, and 
stimulating respiration. Dr. Lambe observes, that " if 
the proportions of oxygen and nitrogen were revers- 
ed in atmospheric air, the air taken m by respiration 
would be more stimulant, the circulation would become 
accelerated, and all the secretions would be increased ; 
the tone of the vessels, thus stimulated to increased ac- 
tion, would be destroyed by over excitement, and, if 
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the supply from the stomach were not equal to the con- 
sumption, the body must inevitably waste and decay. 

Why is nitrous oxide popularly called "laughing- 
gas"? 

Because it produces a certain degree of pleasurable 
excitement, often accompanied by laughter, in those 
who inhale it. It was discovered by Dr. Priestley, in 
1772, but was first accurately investigated by Sir Hum- 
phry Davy, in 1779. The best mode of procuring it 
is to expose nitrate of ammonia to the flame of an ar- 
gand lamp, in a glass retort. When the temperature 
reaches 400° Fahrenheit, a whitish cloud will begin 
to project itself into the neck of the retort, accompanied 
by the copious evolution of gas, which must be col- 
lected over mercury for accurate researches, but for 
common experiments may be received over water. 

In Sir Humphry Davy's volume of Researches, con- 
cerning nitrous oxide, are many interesting details of 
its effects when respired. Sir Humphry describes those 
upon himself thus : — u Having previously closed my 
nostrils and exhausted my lungs, 1 breathed four quarts 
of nitrous oxide from and into a silk bag. The first 
feelings were similar to giddiness ; but in less than 
half a minute, the respiration being continued, they 
diminished gradually, and were succeeded by a sen- 
sation analogous to gentle pressure on all the muscles, 
attended by an highly pleasurable thrilling, particular- 
ly in the chest and the extremities. The objects around 
me became dazzling, and my hearing more acute. 
Towards the last inspiration the thrilling increased, 
and at last an irresistible propensity to action was in- 
dulged in. I recollect but indistinctly what followed : 
I know that my motions were various and violent 
These effects very soon ceased after respiration. In 
ten minutes I had recovered my natural state of mind. 
The thrilling in the extremities continued longer than 
the other sensations. Almost every one who has 
breathed this gas, has observed the same things. On 
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some few, indeed, it has no effect whatever, and on 
others the effects are always painful." The experiment 
cannot be made with impunity, especially by those 
who are liable to a determination of blood to the head. 

Why is nitric acid so called? 

Because it is usually obtained* by distilling purified 
nitre with sulphuric acid ; this, however, is only suffi- 
ciently pure for ordinary purposes. 

Nitric acid stains the greater number of animal sub- 
stances of a yellow colour, and is hence used in pro- 
ducing yellow oat terns upon coloured or woollen goods; 
it is used in fumigations, to destroy contagious and 
infectious matter, more especially in inhabited apart- 
ments, where chlorine would prove injurious. For this 
purpose, nitrate of potassa (nitre) and sulphuric acid 
are mixed in a saucer, and the evolution of the acid 
vapour aided by a gentle heat In pharmacy, and a 
variety of other processes, it is susceptible of interest- 
ing apolications : it is used for etching on copper, and 
as a solvent for tin,* in the preparation of valuable 
mordants, used by dyers and calico printers. It is an 
important agent in metallurgy, and especially in the 
art of assaying. — Brandt. 

For the purposes of the arts, it is commonly used in 
a diluted state, and contaminated with the sulphuric 
and muriatic acids, by the name of aquafortis. A com- 
pound, made by mixing two parts of the nitric acid 
with one of muriatic, known formerly by the name of 
aqua regia, and now by that of nitro-muriatic acid, has 
the property of dissolving gold and platina. 

Why is oxalic acid oho called acid of sugar ? 
Because it is most commonly procured by the action 
of nitric acid on sugar. 

* In a recent German Journal, M. Mitscherlich mentions that iron, 
ffc, and several other metals, may be pat into, and even boiled in 
nitric acid, of 1 .9B9 specific gravity, without the least effect ; whilst 
■foe is immediately oxidized and dissolved. 
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-AMMONIA. 

Why is ammonia also called volatile alkali f 
Because it converte most vegetable blues to green, 
and the yellows to red — properties which belong to the 
alkalies. The change of colour thus effected by am- 
monia is, however, distinguished from that produced 
by the fixed alkalies, by the return of the original tint, 
when the ammonia flies off by exposure. It saturates 
the acids, and produces an important class of ammo* 
niacal salts, which are recognised by the evolution of 
ammonia, when they are triturated with potassa, soda, 
or lime. — Brandt. 

Why is sal ammoniac so called? 

Because it was first made in the neighbourhood of 
the temple of Jupiter Ammon. According to Pliny, 
there were large inns in the vicinity of this famous 
temple, where the pilgrims, who came to worship, 
lodged ; and who usually travelled on camels. The 
proprietors of these stables had some contrivance for 
preparing and concentrating the urine of these beasts, 
and the salts which it produced were afterwards sub- 
limed in glass vessels for sale. Another account is, 
that ammoniacal salt was abundantly obtained from 
the blood of the victims who were slaughtered in hon- 
our of the god. 

Why should liquid ammonia be kept in toeU-stopped 
bottles f 

Because it loses ammonia, and absorbs carbonic 
acid, when exposed to the air. 

Why is ammonia generally used in a liquid state! 

Because, being next to hydrogen and carburetted 
hydrogen, the lightest of all the gaseous bodies, it has 
a great affinity for water. Now, though water is in- 
capable of dissolving either hydrogen or nitrogen, yet 
when these are united in ammonia, their nature is so 
changed, that they become very soluble in water *, that 
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fluid haying the power of taking up and condensing 
nearly 670 times its own bulk of ammoniacal gas ; 'and 
when thus saturated, the solution is lighter than an 
equal volume of water, in the proportion of 875 to 1000. 

Why is ammonia important in dyeing? 

Because of its extensive use in making archil. A 
Florentine merchant, about the year 1300, having ac- 
cidentally observed that stale urine, which always 
contains ammonia, imparted a very fine colour to a 
certain species of moss, &c, made experiments, and 
thus learned to prepare archil. — Berthollet. 

A recent French Journal states, that aqua ammonia 
will give to new brandy all the qualities of that of the 
oldest date. Five or six drops of the ammonia are to 
be poured into each bottle of brandy, and shaken well, 
that it may combine with the acid, on which the taste 
and other qualities of the new liquor depend. 

Why is ammonia so abundantly found in nature ? 
Because all putrifying animal and vegetable sub- 
stances furnish it, in proportion to the quantity of ni- 
trogen which they contain. It is, however, now gene- 
rally procured by dry distillation of bones, horns, &c. 
" Besides various uses in the arts, in chemical researches, 
and in medicine, ammonia combines with carbonic 
acid, and forms the article known as volatile salts, 
which are likewise obtained from coal soot, and from 
the waste liquor collected in the manufactories of coal 
gas. It has also an useful domestic application in aid- 
ing the lightness of bread ; which is explained by its 
great volatility, and the heat of baking. Another and 
more extensively useful combination of ammonia, is 
with muriatic acid, forming muriate of ammonia, or 
sal ammoniac, originally fabricated in Egypt, from the 
soot of the dung of camels, burnt as fuel. It is now 
made in Europe, and is used by dyers to prevent tin 
from precipitating ; in tinning metals, to cleanse the 
surface, and prevent them oxidizing by heat ; and in 
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the assay of metals, to discover the presence of Iron; ' 
dissolved in nitric acid, it also forms the aqua rtgia 
of commerce. 

Native ammonia is found in the vicinity of volcanoes, 
in some of the mountains of Tartary and Thibet, and 
in some of the Tuscan lakes. It has also been detected 
by Dr. Marcet in seawater. On pit coal it may also 
be sometimes seen in a yellowish white powder. 

Why is old decomposed dung comparatively useless as 
manure? 

Because, as soon as dung begins to decompose, it 
throws off its volatile parts, which are the most valu- 
able and most efficient. 

Why is soot a poxoerful manure? 

Because it possesses ammoniacal salt, empyreumatic 
oil, and charcoal, which is capable of being rendered 
soluble by the action of oxygen, or pure vital air. 

Why are the stem and leaves of the beet-root valuable? 

Because, when dried and burned, they yield ashes 
so rich in alkali, that it melts easily by heat, and sur- 
passes many of the common varieties of potassa. 

SULPHUR. 

Why are common pyrites roasted to obtain sulphur? 

Because, the fumes being received into a long cham- 
ber of brickwork, the sulphur is gradually deposited ; 
it is then purified by fusion, and cast into sticks. 

Why will a roU of sulphur, token suddenly seized in 
a warm hand, craclue, and sometimes fall in nieces? 

Because the action of heat is unequal, the sulphur 
conducting it but slowly, and having little power of 
cohesion. 

Sulphur is one of the few elements which occur in 
nature in their simple form. It is a well known mi- 
neral substance, fbuAd in large quantities in the neigh- 
bourhood of volcanoes, and as an article of commerce 
is chiefly brought from the Mediterranean. The effects 
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and to fuse at 1CI5 J . jit 220" it becomes completely 
fluid; between 226^ and 238° it begins to crystallize; 
between 230^ and 224"' it is a* liquid as clear varnish, 
and of an amber colour; at aliout 320 a it begins to 
thicken, and acquire a red colour, and on increasing 
the heat, it becomes so thick that it will not pour. Be- 
tween 428^ arid 5?2 = , the colour i^ ;i red brown ; from 
572° to the boiling point it laconics tliinner.but never 
eofluidasatair'; the deep [I'd thrown colour continues 
till it boils. It sublimes (this term is used to denote 
the evaporation of a solid) at 600% and condenses into 
the form of a powder, or, as it is termed, nf flowers. 
When poured into water, in complete fusion, it be- 
comes of the consistency of wax, and of a red colour; 
it may then be used for taking impressions lrom en- 
graved stones, and hardens upon cooling. In a French 
Journal we read, "though it is well known that sul- 
phur which has heeu recently fused does not immedi- 
ately recover its i; inner pp.>|»rties, no one suspected 
that it required whole months, and even a longer pe- 
riod, fully to restore it." 

Why is sublimed sulphur, for delicate purposes, washed 
with hot water? 

Because it is always slightly sour. The purity of 
sulphur may be estimated by gradually heating it upon 
a piece of platinum leaf; if Irce from earthy impuri- 
ties, it should totally evaporate. It should also be per- 
fectly soluble in boiling oil of turpentine. 

Why is svlphwrttcd hydrogen of easy production. ? 

Because sulphur, in its' ordinary suite, always con- 
tains hydrogen, which it gives off during the action of 
various bodies tor which it has a powerful attraction. 
Berzelius, by heating sulphur with oxide of lead, re- 
marked the formation of water, but in such small and 
indefinite quantities, as induced him to adopt the gen- 
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sulphuric acid. In wet spring seasons, plants flow- 
ered on this hillock sooner than on the adjoining 
grounds ; but as soon as the spring rains began to de- 
cline, then the vegetables withered away, and appeared 
as if scorched. About two miles east of this place is 
another sulphuric acid spring, still more remarkable in 
one respect. The quantity of water from this spring 
is in sufficient quantity to turn a light grist-mill ; and 
yet there is so much sulphuric acid present in it, that 
the stream will constantly redden violets, and its water 
coagulate milk. It is supposed that the sulphuric acid 
is produced in some way by the decomposition of the 
pyrites in the soil. — SiUtman, 

Cases of poisoning by sulphuric acid are not unfre- 
quent ; the best antidotes are copious draughts of chalk 
and water, and of carbonate of magnesia and water. — 
OrfUa. 
Why is sulphuric acid also called oil of vitriol f 
Because it was formerly obtained by the distillation 
of green vitriol. It is now procured by burning a 
mixture of about 8 parts of sulphur, and of nitre, in 
close leaden chambers containing water, by which the 
fumes produced are absorbed, and by evaporation the 
acid is procured in a more concentrated state. — Partes. 

Why should sulphuric acid always be kepi closely 
stopped ? 

Because it rapidly absorbs water from the atmos- 
phere ; so that, in moist weather, 3 parts by weight 
increase to 4 in 24 hours. 

Why is sulphuric acid important in dyeing hluef 
Because it instantly dissolves indigo, which, at first 

deep purple, becomes blue by exposure to air, or by 

dilution. 

PHOSPHORUS. 

Why is phosphorus obtainable from bone earth? 
Because of the phosphate of lime in bones ; which, 
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with water and sulphuric acid, yields phosphoric acid ; 
this, mixed with charcoal, and distilled, yields phos- 
phoret of carbon, and this by re-distillation becomes 
phosphorus. Th&iard is of opinion that phosphorus 
cannot be entirely freed from charcoal, a minute quan- 
tity of which does not impair its whiteness. Does not 
this illustrate its easy combustion ? 

Mr. Parkes notes that phosphorus was accidentally 
discovered at Hamburg, in 1669, by an alchemist 
named Brandt, in his search after gold ; and two years 
afterwards, one Kraft brought a small piece of phos- 
phorus to London, on purpose to show it to the king 
and queen of England. Mr. Boyle afterwards dis- 
covered the process, which he described in the Philo- 
sophical Transactions for 1680, and in a little l>ook 
which he published in the same year, entitled the 
Aerial NoctUuca. Mr. Boyle instructed Mr. Godfrey 
Hankwitz, of London, how to procure it from urine, so 
that he was the first who made it for sale in England ; 
and he continued to supply all Europe with it for 
many years. 

Jrhy does phosphorus shine in the air in the dark, tvith 
a pale blue light? 

Because of its very slow combustion, which is at- 
tended by the production of acid: hence the necessity 
of preserving it in water ; this has a luminous property 
when agitated. The combustion ceases in close ves- 
sels, as soon as the greater part of the oxygen has been 
absorbed. This light is caused by a white smoke ; but 
in air perfectly dry, phosphorus does not smoke, be- 
cause the acid which is formed, and closely encases the 
combustible, screens it from the atmospherical oxygen 

In the vacuum of the air-pump, phosphorus, in 
small pieces loosely enveloped in cotton, will generally 
inflame, and burn for some time, with a pale blue 
tight : and, in the same circumstances, it more readily 
kindles if sprinkled with powdered resin or sulphur ; 
alone, it does not inflame. — Brandt. 

x3 
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M. Osam has described, in the Bulletin Universd, 
several new solar phosphori, which are far more power- 
ful than those previously known. The curious reader 
will find them in the Arcana of Science for 1829. See 
also page 53 of the present volume. 

Phosphorescent phenomena are not uncommon in 
nature. Phosphorescent fluor spar has lately been 
found in Siberia and Cornwall. The luminousness 
of the sea, especially in stormy weather, is supposed 
to be a phenomenon of this class ; but its cause is in- 
volved in too much controversy for place here : it was 
formerly believed to be caused by the electrical friction 
of the waves, which explanation is no longer admit- 
ted. Humboldt attributes it to certain shining mol- 
luscce, which emit light at pleasure, and to the de- 
composed parts of dead medusae, &c.* We have 
elsewhere cursorily noticed the properties of certain 
phosphorescent bodies. (See p. 52.) 

Phosphoretted hydrogen may be employed in some 
simple experiments. Thus, when bubbles of it are 
sent up into a jar of oxygen, they burn with much 
splendour : in chlorine, also, they burn with a beauti- 
ful pale blue light. 

Why are brimstone matches used in phosphoric fire- 
boxes ? 

Because the sulphur of the match readily combines 
with the phosphorus in the bottle, by friction against 
cork or wood, and inflames : indeed, phosphorus and 
sulphur combined are more inflammable than phos- 
phorus. 

Why is U difficult to light paper by the flame of phos- 
phorus ? 

Because the paper becomes covered and protected 
by the acid formed by the combustion of the phospho- 

* The best recent paper on the subject (for the controversy ii still 
rife among naturalists) will be found in the Magazine of Natural Bi&~ 
tory, for July, 1830. 



Will 1 !! jU'E-l'i'tlv Jrv, phosphorus inBames al 
of 60°. 



ff*Ay U the phenomenon calhd "trill-o'-tte-Wup" 
produced? 

Because of the pboapfanreUed hydrogen gas in stag- 
nant waters and marshy grounds ; its origin being 
;robabiy in tlir riecnmpo-iiioti of animal substances. 
'lie peculiar odour of lishes, when putrifyiiig, arises 
from the er _!— "" 



Why does coal, suhjcrfed in dose vessels to a Ttd heat, 
produce gat f 

Because the carbon and bitumen, of which the coal 
consists, thus liec'emr vohitili/ed: mid hydrogen, hold- 
ing carbon in solution, is the result: this gas, combining 
with the oxygen of the atmosphere, produces combus- 
tion and flame. These pasemis products contain also 
more or Irs- snlplnirrtti-il h \> ! 1 ■ oir ^1 1 . and carbonic oxide 
and acid. Dr. Henry conceives thai pas to have the 
greatest illtimiiiitting piivfnr, which, in a given volume, 
consumes the largest quantity of oxygen. 

Dr. Clayton seeius to have been the firet who per- 
formed this expei-i nt, with the view of artificial illu- 
mination ; though its application to economical pur- 
poses was iiiisrcoitntiihly inflected for about sixty 
years. Al len.iiili. .11 r. Miti'dorli, nt'llic Soho Foundry, 
instituted a series of judicious experiments on the ex- 
trictjtinii of jras tWnn the ignited coal ; and succeeded 
in establish hi;; one of (lie most capital i in pro vein ruts 
which the arts of life have ever derived from philoso- 
phical research and SJiiriii'ity. — Ure. 

The conl is placed in oblong cast-iron cylinders or 
retorts, which are raupeij in furnaces, to keep them al 
□ red heat, and all the volatile products are conveyed 
by a common tube into a condensing rend, kept cold 
by immersion in water ; and in which, the water, tar, 
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pitch, ammotiiacal and other condensable vapours, are 
retained. — Brandt. 

% The production of hydrogen gas in a tobacco-pipe, 
by filling the bowl with powdered coal, then luting it 
oyer, ana placing it in a fire, — is well known ; but even 
more familiar are the alternate bursting out and ex- 
tinction of those burning jets of pitchy vapour, which, 
as Dr. Arnott aptly observes, " contribute to render a 
common fire an object so lively, and of such agreeable 
contemplation in the winter evenings." 

Why was gas adopted in cotton-mills soon after its 
invention f 

Because of the peculiar softness, clearness, and un- 
varying intensity of its light. Its being free from the 
inconvenience and danger resulting from the sparks 
and frequent snuffing or candles, is a circumstance of 
material importance, tending to dimmish the hazard 
of fire, and lessening the high insurance premium on 
cotton-mills. 

Mr. Brande illustrates the economy of gas illumina- 
tion, by examining the value of the products of distil- 
lation of a chaldron of coals, the average cost of which 
may be considered as £2. It should afford 

11 Chaldron of Coke, at 30s £15 

24 Gallons of Tor and Ammoniacal Liquor at Id. 2 
1200 cubic feet of Gas, at 13s. per 100 C. F. . 7 16 

£9 3 

The history and economy of gas-lighting have been 
copiously illustrated in several volumes exclusively 
devoted to the subject ; as well as by the experiment- 
ing skill of some eminent chemists, as Messrs. Henry, 
Brande, Ure, Accum, and others. From one of these 
works, aided by the Reports of the late Sir William 
Congreve, we learn that in the year 1814 there was 
only one gasometer in Peter-street, Westminster, of 
14,000 cubic feet, belonging to the Chartered Gas 
Light Company, then the only company established in 
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London* In 1827 there were four great companies, 
having, altogether, gasometers at work capable of con- 
taining in die whole 917,940 cubic feet of gas, sup- 
plied by 1,315 retorts, and these consuming 33,000 
chaldrons of coal in the year, producing 41,000 chal- 
drons of coke ; the whole quantity of gas generated 
annually being upwards of 397,000,000 cubic feet ; by 
which 61,203 private, and 7,268 public or street, lamps 
are lighted, in the metropolis. In addition to these 
great companies, there were several private establish- 
ments, whose operations are not included in the fore- 
going statements ; for, it appears that where more than 
fifty lights are required, a coal-gas apparatus will be 
found profitable. Thus, the gas for the office of the 
MorningChronide newspaper is made on the premises. 

According to Mr. Murdoch's statement, presented to 
the Royal Society, 2,500 feet of gas were generated 
from 7 cwt= 784 lb. of cannel coal. This is nearly 
3& cubic feet for every pound of coal, and indicates 
judicious management. The price of the best Wigan 
cannel is 13&& per cwt. delivered at Manchester ; or 
about 8*. for the 7 cwt About one-third of the above 
quantity of good common coal, at 10$. per ton, is re- 
quired for fuel to heat the retorts. Nearly two-thirds 
of the weight of the coal remain in the retort, in the 
form of coke, which is sold on the spot at Is. 4tL per 
cwt. The quantity of tar produced from each ton of 
cannel coal, is fi-om 11 to 12 ale gallons. This tar is 
now extensively used as paint for out-buildings, &c. ; 
and the ammoniacal liquor, also a result of the process, 
is turned to still more advantageous account, in the 
manufacture of carbonate of ammonia ; (see p. 119) so 
that nothing is lost. 

Why is it necessary that the cylinders or retorts should 

bereanot? 

Because the gas may be produced instantly the coals 
are introduced. IfJ on the other hand, coal be put 
into a coal retort, and slowly exposed to heat, its bitu- 
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men is merely volatilized, in the state of condensable 
tar. Little gas, and that or inferior illuminating power, 
is then produced. 

Why does coke burn without smoke f 

Because it is the distilled coal remaining in the re- 
torts after the above process, and is consequently freed 
from all gases- and vapours. Dr. Arnott observes, that 
"a pound of coke produces nearly as much heat as a 
pound of coal ; but we must remember that a pound 
of coal gives only three-quarters of a pound of coke, 
although the latter is more bulky than the former." 

Why are the gaseous products passed through quick" 
lime and water ? 

Because the sulphuretted hydrogen, and carbonic 
oxide and acid, may thus be absorbed ; while the car- 
buretted hydrogen gases are transmitted sufficiently 
pure for use into gasometers, whence the pipes issue 
for the supply of streets, houses, &a 

Why is a gasometer so called ? 

Because it enables the manufacturers of gas to mete, 
or measure, with accuracy, the quantity of gas ex- 
pended, in proportion to the number of jets or burners 
made use of. The essential conditions of any appara- 
tus for this purpose, are, that the pressure on the gas, 
while passing through the measurer, shall at all times 
be uniform : and that it shall register truly when that 
pressure is very small, and when the current of gas is 
very feeble. 

The gas is conveyed or laid on to the premises of the 
consumers, by pipes called mains, which, in London, 
in the year 1824, extended 900 miles. Other methods, 
have, however, been adopted for its conveyance ; and, 
in 1827, there was at Manchester an itinerant gaso- 
meter, capable of holding more than 1000 cubic feet 
of gas ; this being mounted upon wheels, and filled 
with gas from the gasometer at the works, was trans- 
ported about the streets of Manchester, and delivered 
into the gas-holders of the Company's customers, 
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Why is it important that fhe holes in the gas-burner 
he not too large! 

Because, if this point be not attended to, the gas will 
be incompletely burnt Increased length of flame 
makes imperfect combustion, and diminished intensity 
of light. 

Mr. Accum gives the following interesting statement 
of gas-burners. " An argand burner, which measures 
in the upper rim half an inch in diameter between the 
holes from which the gas issues, when furnished with 
five apertures, l-25th part of an inch in diameter, con- 
sumes two cubic feet of gas in an hour, when the gas 
flame is 1£ inch high. The illuminating power of mis 
burner is equal to three tallow candles, eight in the 
pound. An argand burner, three-fourths of an inch 
in diameter, as above, and perforated with holes l-30th 
of an inch in diameter (probably fifteen in number) 
consumes three cubic feet of gas in an hour, when the 
flame is 2£ inches high ; giving the light of four can- 
dles, eight to the pound. And an argand burner, 
seven-eighths of an mch diameter, as above, perforated 
with eighteen holes, l-32nd of an inch diameter, con- 
sumes, when the flame is three inches high, four cubic 
feet of gas per hour, producing the light of six tallow 
candles, eight to the pound. The height of the glass 
chimney should never be less than five inches. 

Why iscannel coal best adapted for distillation? 

Because it contains most bitumen, and least sulphur. 
A pound of good cannel coal, properly treated in a 
small apparatus, will yield five cubic feet of gas ; equi- 
valent in illuminating power to a mould candle, six 
in the pound. On a great scale, however, 3£ cubic 
feet of good gas are all that should be expected from 
one pound of coal. A gas jet, which consumes half a 
cubic foot per hour, affords a steady light equal to that 
of the above candle. 

Why does carburetted hydrogen give ouL during its 
cmbustion, much more light than the subcarhuretteaj 
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Because of the larger quantity of carbon disengaged 
by the former ; but if the mixture with oxygen be in 
such proportions as at once to burn the whole of the 
charcoal in its gaseous combinations, without previous 
deposition, the light becomes blue, and is greatly re- 
duced in intensity. 

Why is the flame of a candle of various colours ? 

Because of the different stages of combustion in it. 
Thus, at the bottom part, where the inflammable gases 
are given off in the smallest quantity, and where they 
are most intimately mixed with the air, the combus- 
tion is at once complete, and the light is blue and faint ; 
the centre part, where the particles of charcoal^ owing 
to a less admixture of oxygen, are thrown off in a solid 
state, and become incandescent before they are finally 
burnt, is white and highly brilliant; and the upper, 
where the charcoal is in still greater quantity, and 
much of it finally escapes combustion, is red and dull, 
as is seen when a candle requires snuffing. 

Dr. Ure, a few years since, made a set of experiments 
on the relative intensities of light, and duration of dif- 
ferent candles, the result of which is contained in the 
following table : — 



Number in a 
pound. 

10 Mould 
10 Dipped 

8 Mould 

6 ditto 

4 ditto 
Argand oil 
Flame. 



Duration 


Weight 


Grs. con- 


Propor- 


Econo- 


of a 


in 


sumed 


tion of 


my of 


Candle. 


grains. 


per hour. 


light. 


light. 


5 h. 9 m. 


688 


133 


124 


68 


4 30 


672 


150 


13 


654 


6 31 


856 


132 


10 i 


59* 


7 2} 


1160 


163 


14§ 


66 


d 36 


1787 


186 


20} 


80 






512 


69.4 


100 



Candles 
equal 1 
Argand. 

5.7 

5.23 

6.6 

5.0 

3.5 



Why do (host flames, whose products are onlygaseow 
matter, give very little light ? 

Because the quantity of light which flame emits is 
dependent upon the incandescence of minute particles 
of solid matter, which are thrown off during combus- 
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The light of a strewn of (suited hydrogen is 
:ely visible in the day-light : but if a small cod of 
platinum wire be suspended in it, or some solid body, 
in very fine powder, such as the oxide of zinc, be pro- 
jected through it, it becomes very luminous. 



Why is oH got cheaper than coal gas * 
Because purified coal gas seldom contains more than 
40 per cent, in volume of olefiant gas, while oil gas 
generally affords aliout 75 per cent. : hence its superi- 
ority for burning, and the relatively small quantity 
consumed. Thus oil, by being allowed to trickle into 
a redhot retort, half filled with coke or pieces of brick, 
to increase tin; heated surface, ir> decomposed, and 
yields a large quantity of gas, which is mucb richer in 
carburetted hydrogen than coal gas, and therefore 
much better fitted lor the [mrj >".-<■> nt' illumination. It 
contains no mixture of sulphuretted hydrogen, and re- 
quires no other purification than passing through a re- 
frigerator ; and as leas of it is required Ibr any given 
quantity ot'light,thp atmosphere of a room is less healed 
and contaminated by its combustion. It is, however, 
considerably mi>r>. (.Ajwu.-ivr than tin 1 tras from coal; 
although the first outlay of capital for a manufactory 
upon a large scale is less, on account of the smaller 
size of the necessary pipes and apparatus, The com- 
monest whale oil, or even pilch aril- dregs, quite unfit 
(or burning in the usual way, afford abundance of ex- 
cellent gas. A gallon of whale oil affords about 90 
cubical feet of gas, of an average specific gravity of 
0,900 ; and an argnnd burner, equal to seven candles, 
consumes a cubical foot and a half per hour. Its eco- 
nomy may be judged from the following table : — 

Argnnd humor, oil giu, per hour M. 

Argnnd lampi, iwrmiieii oil ...... . 3d* 

Mould undies » 

Wai caadlM li. Id. 
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Mr. Brande adds, that a pint of the bat s p urn qg, 
weighing about 13 ounces, barns, in a well uiua ne i 
ararad, about ten hours. And by a atmes of experi- 
ments, conducted with every requisite caution, he 
fcesad, that to produce the light of ten wax candka ir 
one hour, there were required — 

9000 cubical iacheo of pare carimreOed hy diu e ea , orofefiaat pa. 

4675 oil 8M. 

B190 coal an, 

W% it ml used by the Portable Gas Company! 

Because they are enabled to compress the gaseous 
matter obtained from oil to about one-thirtieth of its 
volume, or into a certain new liquid compound, colour- 
less or opalescent, yellow by tranaiiitted, green by re- 
fected light ; and combustible, burning with a dense 
flame. Hence its portability. When the bottle con- 
taining it is opened, evaporation takes place from die 
surface of the liquid ; but this vapour soon ceases, and 
the remainder is comparatively fixed. 

Why is gas from wood but tZZ adapte d for illumina- 
tion? 

Because it is so deficient in the compounds of car- 
bon and hydrogen. In manufactories, however, of 
charcoal in iron retorts, for the making of gunpowder, 
the gas which is given off is led by a pipe under the 
cylinders, and is economically employed in maintain- 
ing their heat 

ROSIN gas. 

Why is rosin gas even more advantageous Hum oil gas 1 
Because rosin is of lower price, and less liable to 
fluctuations of value, than oil : indeed, the cost of the 
gas is stated at one-fourth that of oil ; and the illumi- 
nating power of rosin gas, when compared with that 
from coal, is as two and a half to one, while it is of 
greater purity than that from coal or oil. 

For the origin of this improvement we are indebted 
to Mr. J. F. Daniel], the distinguished meteorologist i 
his mode of treating the rosin is, to dissolve by gentle 
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heat about 8 lbs. in a gallon of the essential oil, which 
is plentifully formed during the composition of oil for 
making gas, or of rosin itself. This solution was al- 
lowed to trickle into the heated retort half filled with 
coke : thus, from 1000 to 1200 cubit feet of gas are 
obtained from 1 cwt of rosin, and rather more than 
the original quantity of volatile oil is condensed, which 
is again employed for the solution. Mr. Daniell pa- 
tented this means about three years since, and an ap- 
paratus on the plan has been erected by M. Martineau 
for the London Institution. 

The burners consume about 1000 cubit feet of gas 
per day, obtained by 100 lbs. of common rosin, at about 
65., dropped with oil of turpentine on heated iron 
cylinders, in the proportion of 10 gallons of turpentine 
to 100 lbs. rosin ; but the cost of the turpentine is not 
included in the 6s., as the same oil may be used over 
and over again, for any length of time. 

Mr. Brande thus illustrates the advantages of rosin 
gas: — "The sources of supply are as inexhaustible, 
and more generally distributed, than those of the coal ; 
and the forests of America, France, Spain, and Italy, 
yield the turpentine in quantities only limited by the 
demand. Many large towns in this country, in Ame- 
rica, France, Holland, and the Netherlands, have al- 
ready adopted the use of this gas. The elegance and 
simplicity of the manufacture, and the comparatively 
small capital required for the erection of the works, 
will also give it the preference in the creation of new 
establishments." 

Returning to the comparative value of different 
hydro-carbu retted gases, for the purpose of illumina- 
tion, it seems evident, from Dr. Henry's experience, 
that, whatever be their source or composition, it may 
be most accurately determined by the quantity of oxy- 
gen required to saturate equal volumes. In other 
words, quotes Mr. Brande, the illuminating powers of 

n2 
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the different gases will be proportioned to die number 
of volumes of the gaseous carbon condensed into one 
volume of the gas; and of these, the oxygen consum- 
ed, and the carbonic acid produced, afford an accurate 
measure. 

HTDROCTASriC ACID. 

Why is hydrocyanic acid so called ? 

Because it consists of hydrogen, and a gaseous com- 
pound, cyanogen, so styled by M. Gay Lussac, because 
it is the principle which generates blue, from two 
Greek words, signifying the blue-maker: or it may be 
obtained by means of Prussian blue ; whence it is also 
called prussic acid. The acid thus obtained, has a 
strong pungent odour, very like that of bitter almond ; 
its taste is acrid, and it is highly poisonous, so that the 
inhalation of its vapour should be avoided* It volati- 
lizes so rapidly as to freeze itself. 

From the experiments of M. Majendie, it appears, 
that the pure hydrocyanic acid is the most violent of 
all poisons. When a rod dipped into it is brought in 
contact with the tongue of an anima^ death ensues 
before the rod can be withdrawn. If a bird be held a 
moment over the mouth of a phial containing this acid, 
it dies. In the Jlnnales de Chimit for 1814, we find 
this notice : M. B., Professor of Chemistry, left by ac- 
cident upon a table, a flask containing alcohol im- 
pregnated with prussic acid ; the servant, enticed by 
the agreeable flavour of the liquid, swallowed a small 
glass of it In two minutes, she dropped down dead, 
as if struck with apoplexy. 

Hydrocyanic acid may generally be detected by its 
very peculiar odour. Scheele supplies this test : to the 
suspected liquid add a solution of green vitriol or 
peras, and afterwards drop in pure potassa in 
excess, and after a short exposure to the air, redif 
the precipitate in muriatic acid. If hydrocyanic add 
be present, the tint of prussian blue will appear* Bj 
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this means one ten-thousandth part of the acid may be 
detected in water. Another test, in which copper is 
used, will, however, detect one twenty-thousandth of 
the acid in water. We must render the liquid con- 
taining the hydrocyanic acid slightly alkaline with 
potash, add a few drops of sulphate of copper, and af- 
terwards sufficient muriatic acid to redissolve the ex- 
cess of oxide of copper. The liquid will appear more 
or less milky, according to the quantity of hydrocyanic 
acid present. M. Orfila recommends nitrate of silver 
as a test, by which the acid will be precipitated in the 
form of cyanure of silver. 

PROPERTIES OF METALS. 

Why did the ancients designate the seven metal* 
known to them by the names of the planets? 

Because they were supposed to have tome hidden 
relation : each being denoted by a particular symbol, 
representing both the planet and the metal. 

Gold . . . was the .... Sun. 

Silver Moon. 

Mercury Mercury. 

Copper Venus. 

Iron Mara. 

Tin . . .V. Jupiter. 

Lead Saturn. 

Why are some metals called native $ 

Because they occur pure or alloyed, and have but a 
feeble attraction for oxygen; such as platinum, gold, 
silver, mercury, and copper. Metals are also found 
combined with simple supporters of combustion ; the 
chief of these are metallic oxides. Meads combined 
with simple inflammables, include native metafile sul- 
phurate. Metals in combination with acids, include 
metallic salts.— -Abridged from Brandt, 

Why are some metals called native alloys! 
Because they are found combined with other metals. 

Why are metals refined by fire! 

Because advantage is taken of some property in 
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separate it. These ditioi'eiioes nmy consist ofihe faci- 
lity in- difficulty of (i.xiiliiiiiin ; in [heir n-ndency to vo- 
latilize ; in the temperature required for fusion, and 
in iheir relative specific igravities. 

Metals, when exposed to the action of oxygen, chlo- 
rine, or iodine, nt mi eh-vaicd temperature, generally 
take fire, anil, combining with one or other of these 
three elementary dissolvents, in definite proportions, 
are converted into earthy or saline-looking bodies, 
devoid af metallic lustre and ductility, called oxides, 
chlorides, or iodides. 

Why hate the metals, as a dans, a peculiar lustre? 

Because of their grunt power of reflecting light, in 
consequence of their opacity. Mr. Brando observes: 
v their opacity is such, that, when extruded into the 
thinnest possihle leaves, they transmit no light; silver- 
leaf, only one liiindri d-Uinusandtu of an inch in thick- 
ness, is perfectly opaque. Ciold is perhaps the only 
exception, which, when beaten out into leaves one 
two- hundred-thousandth, of an inch in thickness, trans- 
mits green rays of light." . 

Why are the polished metals peculiarly fd far burn- 
ing mirrors? 

Because they ore very imperlcet radiators and re- 
ceivers of heat, but cncHIi'ih reflectors both of light 
and heat. 



Why is potassium not found in an uncumbined state? 

BecauBe of its great .-illinity for oxygen. All that 
has hitherto hecn obtained has tieen procured by che- 
mical means from the potash of commerce. 

IVhy did Sir H. Davy discover potassium by the 
agency of VoUaic tlt-tri-i'li/ upon pure potash? 

Because he was thus enabled to detach the oxygen, 
and then the alkaline base appeared in small bubbles, 



having ihe lustre and outward characters of qnick- 
Why is potassium important to the philosophical die- 
Because it is capable of detecting and separiiliuj.' 



r may be detached from the most 
highly rectified alcuhol and ether; and, hy its decom- 
position, hydrogen gas will he evolved. Potassium 
also combines with phosphorus, sulpliur, and hydro- 
gen; it forme u idyllic alleys with gold, silver, mercu- 
ry, and BOme other metnls; sit ;i red heat it will de- 
cumpoae glass ; and is even capable of reducing all the 
metallic oxide?. — Patkes. 

Potassium Wish discovered in 1807, by Sir Humphry 
Davy: he obtained ir hy submitting caustic poiassji, 
Or potash, to [lie ncliou of \'oh:iie electricity; the metal 
was slowly evolved at the iterative pole. Gay Lussac, 
and Theuuni, firsl procured il b\ healing iron turning!} 
to whiteness in a curved gun -I mere I, and melting pot- 
ash to come in contact villi the turnings, when, air 
being excluded, potassium was formed, and collected 
in the coo) part of the tube. 

JPnw docs potassium burn with a htauiiful jlamt on 

Because the potassium do com poses [lie water and 
aleorbs the oxygen, while ihe hydrogen of the water 
rsrapes iind takes lire by the heat which the rapidity 
of the action produces. 

fVhy dots s»lpli>:ri'- nriif. n-hen dropped on chlorate 
of polasaa, cause, it to ignite 9 

Because of the evolution of oxide of chlorine. A 
mixture of snlphuret of antimony, and the salt sud- 
denly deflfLgriite.a with a bright puff of flame and 
smoke. Matches tipped with this inflammable mix- 
, and are inflamed by 
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contact with asbestos saturated with sulphuric acid. 
Berzelius gives the following as the best composition 
for the matches : SO parts powdered chlorate of potas- 
sa, 10 of powdered sulphur, 8 of sugar, 5 of gum ara- 
bic, and a little cinnabar. The sugar, gum, and salt, 
are first rubbed together into a paste with water; the 
sulphur is then added, and the whole being thoroughly 
beaten together, small brimstone matches are dipped 
in, so as to retain a thin coat of the mixture upon their 
sulphuretted points. A similar compound is employ- 
ed in percussion gun-locks : guapowder, made into a 
paste with water and chlorate of potash, is dropped in 
small copper caps adapted to the tubular touch-hole of 
the gun, wheftt Mow inflames the powder, and com- 
municates to that in the barrel. Fulminating mercury 
is, however, now substituted for this composition, 
which is found to rust the touch-hole. 

Note to " Steam," page 113. 

In the whole range of English literature, perhaps there is nothing 
more curious than the following prophecy respecting Steam, in Dr. 
Darwin's Botanic Garden, published in 1789, but written, it is well 
known, at least twenty years before the date of its publication : 

Soon shall thy arm, unconquer'd steam, afar 

Drag the slow barge, or drive the rapid car j 

Or on wide waving wings expanded bear 

The flying chariot through the fields of air. 

Fair crews triumphant leaning from above 

Shall wave their fluttering 'kerchiefs as they move j 

Or warrior bands alarm the gaping crowd, 

And armies shrink beneath the shadowy cloud : 

So mighty Hercules o'er many a clime 

Waved his huge mace in virtue's cause sublime j 

Unmeasured strength with early art combined, 

Awed, served, protected, and amazed mankind. 



END OF PART XII. 
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MECHANICS. 



INTRODUCTORY. 



Why arc certain truths termed physical? 

Because they explain the greater part of the phe- 
nomena of nature, the term physical being derived 
from the Greek word signifying nature; an appella- 
tion distinguishing them from chemical truths, which 
regard particular substances, and from vital truths, 
which have relation only to living bodies. — Arnoti. 

Why is an atom so called ? 

Because of its origin from a Greek word signifying 
thai which cannot be farther divided; or, an exceed- 
ingly minute resisting particle. 

Why is the term attraction used? 

Because the atoms of which the visible universe is 
built up, whether separate, or already joined into 
masses, tend towards all other masses, with force pro- 
portioned to their proximity: as, when any body 
presses or falls towards the great mass of the earth, 
or when the tides on the earth rise towards the moon. 

Why is the term repulsion used? 

Because, under certain known circumstances, as of 
heat diffused among the particles, their mutual attrac- 
tion is countervailed or resisted, and they tend to 
separate with force proportioned to their proximity 2 
as, when heated water bursts into steam, or when 
gunpowder explodes. 
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Why is the term inertia usedt 

Because it denotes that the atoms, in regard to 
motion, have about them what may be figuratively 
called a stubbornness, tending always to keep them in 
their existing state, whatever it may be; in other 
words, that bodies neither acquire motion, nor lose 
motion, nor bend their course in motion, but in exact 
accordance to some force applied. 

This, and the three preceding definitions, are de- 
rived from the Synopsis of Dr. Arnott's valuable 
Elements of Physics, Part I. third edit. 1828; the 
author pertinently observing, that a a person compre- 
hending fully the import of these four words, atom, 
attraction, repulsion, inertia, may predict or anticipate 
correctly, very many of the facts and phenomena 
which the extended experience of a life can display to 

Why are not men sensible of the rapid motion of the 
earth ? 

Because all things move at the same rate. What- 
ever common motions objects may have, it does not in- 
terfere with the effect of a force producing any new 
relative motion among them. All the motions seen 
on earth are really only slight differences among the 
common motions : as, in a fleet of sailing ships, the 
apparent changes of place among them are, in truth, 
only slight alterations of speed or direction in their 
individual courses. 

Why does a spire or obelisk stand more securely on 
the earth, than a pillar stands on the bottom of a moving 
wagon ? 

Because the motion of the earth is uniform, and not 
that the earth is more at rest than the wagon. Were 
the present rotation of our globe to be arrested but for 
a moment, imperial London, with its thousand spires 
and turrets, would be swept from its valley towards 
the eastern ocean, just as loose snow is swept away by 
a gust of wind. — Arnott. 
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Why does a ball, let drop from the hand, fall with 
greater velocity the nearer it approaches the earth? 

Because, owing to the inertia of matter, any force 
continuing to act on a mass which is free to obey it, 
produces in the mass a quickening or accelerated 
motion ; for, as the motion given in the first instant, 
continues afterwards without any farther force, mere- 
ly on account of the inertia, it follows that as much 
more motion is added during the second instant, and 
as much again during the third, and so on. A falling 
body, therefore, under the influence of attraction, is, 
as it were, a reservoir, receiving every instant fresh 
velocity and momentum (or quantity of motion). The 
height of a precipice, or the depth of a well, may be 
judged of with considerable accuracy, by marking the 
time required for a body to fall through the space. 
A body falls four times as far in two seconds as in one, 
although the velocity, at the end of two* seconds, is 
only doubled. — Arnott. 

A body fells by gravity precisely 16 1-16 feet in a se- 
cond, and the velocity increases according to the 
squares of the time: wz. 

In i " (quarter of a second) a body falls 1 foot. 

£ " (half a second) ditto 4 

1 second ditto 16 

2 ditto ditto 64 

3 ditto ditto 144 

The power of gravity at two miles distance from the 
earth, is four times less than at one mile ; at three 
miles, nine times less ; and so on. It goes on lessen- 
ing, but is never destroyed. 

Meteoric stones, falling from great heights, bury 
themselves deep in the earth, by the force of their gra- 
dually acquired velocity. 

Why are we said to know of nothing which is absolute- 
ly at rest ? 
Because the earth is whirling round its axis, and 

b3 
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round the sun ; the sun is moving round his axis, and 
round the centre of gravity of the solar system ; and, 
doubtless, round some more remote centre in the great 
universe, carrying all his planets and comets about 
his path. 

One of the grand laws of nature is, that all bodies 
persevere in their present state, whether of motion or 
rest, unless disturbed by some foreign power. Motion, 
therefore, once begun, would be continued for ever, 
were it to meet with no interruption from external 
causes, such as the power of gravity, the resistance of 
the medium, &c 

Dr. Arnott adduces several familiar illustrations of 
motions and forces. Thus, all falling and pressing 
bodies exhibit attraction in its simplest form. Repul- 
sion is instanced in explosion, steam, the action of 
springs, &c. Explosion of gunpowder is repulsion 
among the* particles when assuming the form of air. 
Steam, by the repulsion among its particles, moves the 
piston of the steam-engine. All elasticity, as seen in 
springs, collision, &c. belongs chiefly, to repulsion* 
A spring is often, as it were, a reservoir of force, kept 
ready charged for a purpose ; as when a gun-lock is 
cocked, a watch wound up, &c. 

Why does a billiard ball stop when it strikes dirtdE^S 
another ball of equal size, ana the second ball proce^** 
with the whole velocity which the first had ? 

Because the action which imparts the new moti(>; 
is equal to the reaction which destroys the old. 
though the transference of motion, in such a 
seems to be instantaneous, the change is really piO 
gressive, and is as follows : The approaching ball, && 
a certain point of time, has just given half of its nic^ 
tion to the other equal ball ; and if both were of so>f* 
clay, they would then. proceed together with half tW 
original velocity ; but, as they are elastic, the touching 
parts at the moment supposed, are compressed like a 
spring between the balls; and by their expanding, J 
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and exerting force equally both ways, they double the 
velocity of the foremost ball, and destroy altogether 
the motion in the other. 

Why is the uniformity of motion essential to rational 
conjecture or anticipation as to future events f 

[Because, it is by assuming, for instance, that the 
earth will continue to turn uniformly on its axis, that 
we speak of to-morrow and of next week, &c. and that 
we make all arrangements for future emergencies: 
and were the coming day or season, or year, to arrive 
sooner or later than such anticipation, it would throw 
such confusion into all our affairs that the world would 
.soon be desolate. 

To calculate futurities, then, (observes Dr. Arnott) 
or, to speak of past events, is merely to take some 
great uniform motion as a standard with which to 
compare all others ; and then to say of the remote 
event, that it coincided, or will coincide, with some 
described state of the standard motion. .The most 
obvious and best standards are the whirling of the 
earth about its axis, and its great revolution round the 
suu. The first is rendered very sensible to man by 
his alternately seeing and not seeing the sun, and it is 
called a day ; the second is marked by the succession 
of the seasons, and it is called a year. The earth 
turns upon its axis about 365 times while it is perform- 
ing one circuit round the sun, and thus it divides the 
year into so many smaller parts ; and the day is divi- 
ded into smaller parts, by the progress of the earth's 
whirling being so distinctly marked, in the constantly- 
varying directions of the sun, as viewed from any 
given spot on the face of the earth. When advancing 
civilisation made it of importance to man to be able 
to ascertain with precision the very instant of the 
earth's revolution, connected with any event, various 
contrivances were introduced for the purpose. Such 
have been sun-dials, where the -shadow travels pro- 
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greseively round the divided circle ; the uniform flux 
of water through a prepared opening ; the flux of 
sand in a common hour-glass, &c. But the very tri- 
umphs of modern ingenuity and art are those astro- 
nomical clocks and watches, in which the counted 
equal vibrations of a pendulum, or balance-wheel, 
have detected periodical inequalities even in the 
motion of the earth itself, and have directed attention 
to unsuspected disturbing causes, important to be 
known. 

Why, when a body is carried below (he surface •/ (he 
earthy does its weight become less? 

Because the matter then above it is drawing it wp, 
instead of down, as before. A descent of a few hun- 
dred feet makes a sensible difference, and at the centre 
of the earth, if man could reach it, he would find things 
to have no weight at all ; and there would be neither 
up nor down, because bodies would be equally at- 
tracted in all directions. — Jjrnott. 

Why is a horseman standing on the saddle enabled to 
leap over a garter extended over the horse, (the horse 
passing under the garter,) and to light upon the saddle at 
the opposite side 9 

Because, the exertion of the performer, in this case, 
is not that which he would use were he to leap from 
the ground over a garter at the same height. In the 
latter case, he would make an exertion to rise, and at 
the same time, to project his body forward. In the 
case, however, of the horseman, he merely makes that 
exertion which is necessary to rise directly upwards to 
a sufficient height to clear the garter. The motion 
which he has in common with the Horse, compounded 
with the elevation acquired by his muscular power, 
accomplishes the leap. 

Why does a loathing stick help a man on a journey? 

Because he pushes against the ground with the 

stick, which may be' considered as compressing a spring 
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between the earth and the end of his stick, which 
spring is therefore pushing up as much as he pushes 
down ; and if, at the time, he were balanced in the 
scales of a weighing beam, he would find that he 
weighed just as much less as he were pressing with 
his stick. 

Why does a person wishing to leap over a ditch or 
chasm, make a run first ? 

Because the motion thereby acquired may help 
him over. A standing leap falls much short of a 
running one. 

These facts also illustrate the same principle: — 
From a glass of water suddenly pushed forward on a 
table, the water is spilt or left behind, but if the glass 
be already in motion, as when carried by a person 
walking, and if it be then suddenly stopped by coming 
against an impediment, the water is thrown or spilt 
forward. Again, the actions of beating a coat or 
carpet with a cane to expel the dust ; of shaking the 
snow from one's shoes by kicking against the door- 
post; of knocking a dusty book against a table, or 
shutting it violently. 

Why is a man jumping from a carriage at speed, in 
great danger of falling, after his feet reach the ground ? 

Because his body has as much forward velocity, as 
if he had been running with the speed of the carriage ; 
and unless he advance his feet as in running, he must 
as certainly be dashed to the ground, as a runner whose 
feet are suddenly arrested.— -Arnott. 

Why will the recoil of a fowling-piece hurt the 
shovlaer, if the piece be not held close to it ? 

Because the piece recoils with as much motion or 
momentum in it as the ball has ; but the momentum 
in the gun being diffused through a greater mass, 
the velocity is small, and easily checked. 

Why does a sky-rocket ascend ? 

Because, after it is lighted, the lower part is always 
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producing a large quantity of aeriform fluid, which, 
in expanding, presses not only on the air below, but 
also on the rocket above, and thus lifts it The ascent 
is aided also by the recoil of the rocket from the part 
of its substance, which is constantly being shot down- 
wards. — ArnotL 

Why does a hare, though much less fleet than a grey- 
hound, often escape it ? 

Because the greyhound is, with the hare, a compara- 
tively heavy body, moving at the same or greater speed 
in pursuit. The hare doubles, that is, suddenly changes 
the direction of her course, and turns back at an ob- 
lique angle with the direction in which she had been 
running. The greyhound, unable to resist the ten- 
dency of its body to persevere in the rapid motion it 
had acquired, is urged forward many yards before it 
is able to check its speed and return to the pursuit 
Meanwhile the hare is gaining ground in the other 
direction, so that the animals are at a very con- 
siderable distance asunder when the pursuit is recom- 
menced. 

Why are a large and small ship sometimes seen sailing 
ttrith the same velocity f 

Because the surface of canvass or sail which they 
spread to catch the force of the wind, is proportioned 
to the difference of resistance which the water offers to 
the two. 

Why are ships so often destroyed by running foul of 
each other at sea ? 

Because when two bodies moving in opposite direc- 
tions meet, each body sustains as great a shock as ifj 
being at rest, it had been struck by the other body 
with the united forces of the two. Thus, if two ships 
of 500 tons burden encounter each other, sailing at 
ten knots an hour, each sustains the shock, which, 
being at rest, it would receive from a vessel of 1000 
tons burden, sailing ten knots an hour. 



MKCHA2TICS. 



& 



JFhy are carriages often overturned in quickly round- 
ing corners? 

Because the inertia carries the body of the vehicle 
in the former direction, while the wheels are suddenly 
pulled round by the horses into a new one. A loaded 
stage-coach running south, and suddenly turned to 
the east or west, strews its passengers on the south 
side of the road. Where a sharp turning in a car- 
riage road is unavoidable, the outside of the bend 
should always be made higher than the inside, to pre- 
vent such accidents. 

Why were the battering rams of the ancients such 
formidable engines of war ? 

Because they avowed the concentrated efforts of 
many hands, and a considerable duration of action, 
so as to give at last one great and sudden shock. 

The action of. gunpowder on bullets, although ap- 
pearing so sudden, is still not an instantaneous, but a 
gradual, and therefore accelerating motion ; and ac- 
cordingly we find the effect to depend much on the 
length of the piece along which the force pursues the 
ball. — ArnotL 

Why wUl a cannon or musket ball, shot quite horizon- 
tally^ touch the ground of a level plane just as soon as 
another ball dropped at the same instant directly from the 
cannon 1 s mouth ? 

Because the forward or projectile motion does not 
at all interfere with the action of gravity. This fact, 
observes Dr. Arnott, which most persons, before consi- 
deration, would be disposed to doubt, makes strikingly 
sensible the extraordinary speed of a cannon ball ; viz. 
which has already carried it 600 or 800 feet before 
touching, during the half second that a ball dropped 
from the hand of a standing person requires to reach 
the earth. This fact also explains why, fbr a long 
range, the gun must always be pointed more or less 
upwards. — Elements qf Physics. 
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The velocity of a musket ball is, on an average, 
1,600 feet per second, and its range half a mile. 

Why is this range only half a mile, whereas, by theory, 
it ought to be ten miles ? 

Because it is retarded by the resistance of the air. 

In velocities exceeding 1,600 feet per second, the 
resistance of the air is greatly increased ; hence the 
absurdity of giving balls too great an initial velocity. 
To give a bullet the velocity of 2000 feet per second, 
requires half as much more powder as to give it the 
velocity of 1,600 feet ; yet after both have moved 400 
feet, the difference between the velocity of each is re- 
duced to 8 feet per second. A 24-pound ball, moving 
at the rate of 2000 feet per second, meets a resistance 
of 800 pounds. 

If a body could be projected upwards with the velo- 
city of 36,700 feet in a second, it would never return ; 
and as it receded from the earth, its weight or gravity 
would diminish. At present, the greatest velocity 
with wliich we can project a body, does not exceed 
2000 feet per second. A bullet rising a mile above 
the surface of the earth, loses l-2000th part of its 
weight. — Notes in Science. 

Lieut. Helwig, of Prussia, has invented a process 
for measuring the time occupied by a ball or bullet in 
passing through a certain space ; by making the ball 
liberate the works of a time-keeper at the moment 
when it quits the mouth of the piece, and in making it 
also stop the time-keeper at the moment when it strikes 
an obstacle. Thus, he finds that a tight body, of the 
same calibre with the bullet, moves, at the commence- 
ment, with much greater velocity than the latter; 
equal charges being used. 

Steam cannon has not yet been found to realize 
all the formidable expectations which it had raised; 
but Mr. Perkins has estimated the projectile force of 
steam to be ten times greater than that of gunpowder, 
in throwing a ball to a given distance. 
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While on the subject of fire-arms, we may mention 
that an ingenious Frenchman proposes to nx a small 
mirror, 0.47 of an inch in the side, near the mouth- 
piece, so that the person using it shall see the reflexion 
of his own eye. In this way it is supposed that very 
exact aim may be taken ; and the experiments made 
by various officers and sportsmen, are said to encourage 
the idea that this application may be useful. 

Why trill a bullet, fired against a door hanging freely 
on its hinges , perforate Hie same without agitating it f 

Because the impression of the stroke is confined to 
one single spot, and sufficient time is not allowed for 
diffusing its action over the extent of the door. A 
pellet of clay, a bit of tallow, or even a small bag of 
water, discharged from a pistol, will produce the same 
effect 

Why is sea-sickness produced on shipboard ? 

Because man, strictly to maintain his perpendicu- 
larity, that is, td keep the centre of gravity always over 
the support of his body, requires standards of compa- 
rison, which he obtains chiefly by the perpendicularity 
or known position of things about him, as on land ; 
but on shipboard, where the lines of the masts, win- 
dows, furniture, &c. are constantly changing, his 
standards of comparison are soon lost or disturbed. 
Hence, also, the reason why persons unaccustomed to 
the motion of a ship, often find relief by keeping' their 
eyes directed to the fixed shore, where it is visible, or 
by lying on their backs, and shutting their eyes ; and, 
on the other hand, the ill effects of looking "over the 
side of the vessel at the restless waves of the sea. 

Sea-sickness, observes Dr. Arnott, also depends 
pertly on the irregular pressure of the bowels among 
themselves, and against the containing parts, when 
their inertia, or downward pressure, varies with the 
rising and falling of the ship. 

Reasoning upon the last-mentioned facts, Mr. Pratt, 
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of New Bond-street, lias constructed an clastic or 
swinging sent, couch, or bed, for preventing the uneasy 
motions Hi' a ship or i-urrinirf ; tin. 1 frame of which is 
suspended on jui-ibals or joints, liiriiinir at rit'ht angles 
to each other; ami an elasticity is produced both in 
the Beat or cushion, mid in tin' swinging frames, by 
the use of spiral metal springs, in the tbrm of an hour- 
glass. A still 11 hut: simple preventive was illustrated 
by Sir Richard I'hillips, on his«crossing from Dover to 
Calais, a few years since. He caused an arm-chair 
to be placed on the deck of tin; vessel, ami being seated 
io it, 1)0 began lo raise himself up and down, as an 
horseback. The passe ntrcrs laughed at Ins eccentri- 
city, but before liny reached Calais, many of theni 
were sea-sick, whilst Sir Ilk-hard coniinued to enjoy 
his usual health and vigour. We mentioned this ex- 
periment whilst making r he same passage in the Koyal 
George steam-boat, alioul a Ibrtnight since; but no 
person aboard made the trial of its efficacy, although 
more than half of the number were sea-sick. 

An embrocation lias lately been invented, and se- 
cured by patent, lbr preventing or alleviating sea- 
sickness ; this preparation is to be rubbed over the 
lower end of ihe breast- hone, and under the left ribs; 
but we cannot add our mvn u stiinony of its efficacy. 

Why cannot sure aim be taken with a stone in a 

Because the point from which it should depart, 

cannot be ace ural civ determined. 

Why is the pritthitiiin a Vi nir.-kttpert 

Because the times of tlie vibrations are very nearly 
equal, whether it be moving much or little ; that is Io 
say, whether the are described by it be large or small. 

A common clock is rely a pendulum, with wheel- 
work attached lo ii, lo re ton 1 the number of the vibra- 
tions; and with a wcighl or spring, having force enough 
to counteract the retarding otlccts of friction and the 
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resistance of the air. The wheels show how many 
swings or beats of the pendulum have taken place, 
because at every beat, a tooth of the last wheel is 
allowed to pass. Now, if this wheel has sixty teeth, 
as is common, it will just turn round once for sixty 
beats of the pendulum, or seconds ; and a hand fixed 
on its axis, projecting through the dial-plate, will be 
the second hand of the clock. The other wheels are 
so connected with this first, and the numbers of the 
teeth on them so proportioned, that one turns sixty 
times slower than the first, to fit its axis to carry a mi- 
nute hand; and another, by moving twelve times 
slower still, is fitted to carry an hour-hand. — Arnott. 

fVhy do clocks denote the progress of time? 

Because they count the osculations of a pendulum ; 
and by that peculiar property of the pendulum, that 
one vibration commences exactly where the last ter- 
minates, no part of time is lost or gained in the juxta- 
position (or putting together) of the units so counted, 
90 that the precise fractional part of a day, can be 
ascertained, which each such unit measures. 

The origin of the pendulum is traced to Galileo's 
observation of a hanging lamp in a church at Pisa 
continuing to vibrate long and with singular uniform- 
ity, after any accidental cause of disturbance. Hence 
he was led to investigate the laws of the phenomenon, 
and out of what, in some shape or other, had been 
before men's eyes from the beginning of the world, 
his powerful genius extracted the most important 
results. 

The invention of pendulum clocks took place about 
the middle of the seventeenth century ; and the hon- 
our of the discovery is disputed between Galileo and 
Huygens. Becher contends for Galileo, and states 
that one Trifler made the first pendulum clock at Flo- 
rence, under the direction of Galileo Galilei, and that 
a model of it was sent to Holland. The Accademia del 
Cimento also expressly declared, that the application 
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of the pendulum to the movement of a clock, was first 
proposed by Galileo, and put in practice by his son, 
Vincenzo Galileo, in 1649. Huygens, however, con- 
tests the priority, and made a pendulum clock before 
1658 ; and he insists, that if ever Galileo had enter- 
tained such an idea, he never brought it to perfection. 
Beckmann says the first pendulum clock made in 
England, was constructed in the year 1662, by one 
TromantU, a Dutchman ; but Grignon affirms that the 
first pendulum clock was made in England, by Robert 
Harris, in 1641, and erected in lnigo Jones's church 
of St Paul, Covent-garden. 

Why does the pendulum move faster in proportion as 
its journey is longer? 

Because, in proportion as the arc described is more 
extended, the steeper are its beginning and ending; 
and the more rapidly, therefore, the pendulum falls 
down at first, sweeps along the intermediate space, and 
stops at last — Jhrnott. 

Why is it extremely difficult to ascertain the exact 
length of the pendulum ? 

Because of the various expansion of metals, respect- 
ing which no two pyrometers agree ; the changeable 
nature of the atmosphere ; the uncertainly as to .the 
true level of the sea; the extreme difficulty of mea- 
suring accurately the distance between the point of 
suspension and the centre of oscillation, and even of 
finding that centre ; also the variety of terrestrial at- 
traction, from which cause the motions of the pendulum 
are also liable to variation, even in the same latitude. 
In pursuing his researches, Capt Kater discovered that 
the motions of the pendulum are affected by the nature 
of the strata over which it vibrates. 

Why does the force of gravity determine koto long the 
pendulum shall be in falling to the bottom of its arc, 
and how long in rising ? 

'~"ause the ball ofthe pendulum may be considered 
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as a body descending by its weight on a slope ; a change 
in the force of gravity, therefore, would at once alter 
the rates of all the clocks on earth. — Arnott. 

Why is the regulator of a watch merely a pin which 
bears against the balance-spring f 

Because it slides backwards and forwards, so as to 
shorten or lengthen the part of the spring left free to 
bend, thus changing the degree of its stiffness ; and, 
as the motion of the pendulum has relation to the 
force of gravity, so has the motion of the balance- 
wheel to the stifmess of the balance-spring. 

Why do persons walking arm-in-arm, shake each other 
unless their steps correspond ? 

Because the centre of gravity in each body comes 
alternately over the right and over the left foot. 

Why are certain metals malleable, or reducible into 
thin plates or leaves by hammering? 

Because their atoms cohere equally in whatever 
relative situation they happen to be, and therefore 
yield to force, and shift about among each other, 
almost like the atoms of a fluid, without fracture or 
change of property. 

Gold is remarkably malleable, for it may be reduced 
to leaves of the thinness of 282,000 to the inch. For 
gold-beaters the metal is first fprmed into rods, these 
are afterwards rolled or flattened into ribands, the 
riband is cut into portionsj which are extended by 
hammering to great breadth and thinness, and which 
being again divided into portions, are hammered and 
extended to the thinness described. 

Why are the steel chisels and tools used for cutting 
metals so frequently broken ? 

Because, requiring to be exceedingly hard, they 
proportionally lose, in regard to the extent of their 
elasticity. Cast iron, which is much harder than 
malleable or wrought iron, is very brittle, while soft iron 
and steel are the toughest things in nature. — JkrnotL 
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Why does a smith, by hammering a piece of bar-iron, 
render it red hot $ 

Because he thereby compresses the metal. When 
air is violently compressed, it becomes so hot as to 
ignite cotton and other substances. An ingenious in- 
strument for producing light for domestic uses has 
been constructed, consisting of a small cylinder, in 
which a solid piston moves air-tight: a little tinder, 
or dry sponge, is attached to the bottom of the piston, 
-which is then violently forced into the cylinder: the 
air between the bottom of the cylinder and the piston 
becomes intensely compressed, and evolves so much 
heat as to light the tinder. — Lardner. 

Why is the iron rim of a coach wheel heated before 
putting on? 

Because the expansion of the metal occasioned by 
the heat, facilitates the operation of putting on the 
iron, while the contraction which follows, brings the 
joints of the wooden part together ; and thus, binding 
the whole, gives great strength to the wheel. 

Why does a bottle of fresh water, corked and let down 
30 or 40 feet into the sea, often come up again with the 
water saltish, although the cork be still in its place ? 

Because the cork, when far down, is so squeezed as 
to allow the water to pass in or out by its sides, but on 
rising it, resumes its former size. 

Why do bubbles rise on a cup of tea when a lump of 
sugar is dropped into it ? 

Because the sugar is porous, and the air which 
rilled its pores then escapes to the surface of the tea, 
and the liquid takes its place. 

Why are stalactites formed in the interior of caverns ? 

Because water percolates through their porous sides 
and roofs, and being impregnated with calcareous and 
other earths, assumes pendant forms. 

Why is there an opening in the centre of the upper stone 
of a corn mitt ? 
Because through this opening the grain is admitted 
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and kept t iii n aax jj iwri b e tw ee n the stones, and ia al- 
ways tending and! msmeShng outwards, unol it escape* 
as flour from tb* rinnamfeeiice. 

Why does a hrnm m At cirrus lean to the centre? 

Because, when the horse moves round with the per- 
former standing on the saddle, both the homo and 
rider incline continually towards the centre of the 
ring, and the inclination increases with the velocity of 
the motion : by this inclination their weight* coun- 
teract the effect of the centrifugal force. 

Why does water remain in a vessel which it placed in 
a sling and made to describe a circle 9 

Because the water, by its inertia of straightne**, of 
centrifugal (or centre-flying) force, tends more away 
from the centre of motion towards the bottom of the 
vessel, than towards the earth by gravity. 

Why does a spinning top stand ? 

Because, while the top is perfectly upright, ft* point, 
being directly under its centre, support* H #UmMty f 
and although turning so rapidly, ha* no UwUmry to 
move from the place ; but it the top inclm* at all, lb* 
side of the peg, instead of the very poirtu cow* Ut 
contact with the floor, and the pea; then tmumttm * 
little wheel or roller, advancing quickly, and* wHH H* 
touching edge, describing a curve somewhat m * 
skaiter does, until it becomes directly utuUtr the hftdy 
of the top as before. It thus appear* that the v*ry 
fact of the top inclining, cause* the point to drift ft* 
place, and so tha* it cannot rest until H */mm n&m 
directly under the centre cf the Xfrp^-ArwAt, 

Why is a rocking-stone so called? 

Because it consists of an imm ense ttmrn, U#mh*4 
in some convulsion of nature, and with * atitfftriy 
rounded base resting on a flat surface of roek below, 
which is so nearly balanced, that one individual «*a 
move or rock it This arises from the rounded body 
being disturbed from its middle position, and fe* cent** 
of gravity seeking to return. 
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Of these rocks, called Loggan or Laggan stones, 
there are several among the picturesque harriers of the 
British coast. 

Dr. S. Hibbert has very recently described a natural 
rocking-stone of granite, near the village of Loubeyrat, 
in the province of Auvergne, France. This stone ap- 
pears to have been an object of religious' worship, for, 
on the top of it were two figures, a cross, and a pedestal 
Under the figures the word pardon is traceable, and 
other letters which probably alluded to the number of 
days of pardon which the cross gave to the venerator. 
The natural phenomenon of the rocking-stone proba- 
bly became an object of superstitious veneration to its 
neighbourhood, and the figures and cross were the 
adoring tributes of the natives. Dr. Hibbert, how- 
ever, thinks that the particular use to which rocking- 
stoues were applied will ever remain in obscurity : u as 
they are products of every country where loose de- 
tached rocks of a particular structure have been sub- 
mitted to the operation of atmospheric agents, it is to 
be expected that the fables assigned to their origin 
would be regulated by the peculiar mythology of the 
people among whom they have become the object of 
notice and wonder." 

Why have all shot manufactories lofty towers, as seen 
on the southern hank of the Thames 1 

Because, in the manufacturing of shot, the liquid 
metal is allowed to fall like rain from a great eleva- 
tion, as through these towers, and the cohesive princi- 
ple gives rotundity to grains of shot. In its descent, 
the drops become truly globular, and before they reach 
the end of their fall they are hardened by cooling, so 
that they retain their shape. 

Why does a porter lean forward when carrying a 
load? 

Because his position must be regulated by the cen- 
tre of gravity of his body and the load taken together. 
If he bore the load on his back, the line of direc- 
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tion would pass beyond his heels, and he would fall 
backwards. To bring the centre of gravity over his 
feet he accordingly leans forward. — If a nurse carry a 
child in her arms, she leans back for a like reason. 

Why does a young quadruped walk much sooner than 
a Mid? 

Because a body is tottering in proportion to its great 
altitude and narrow base. Now, die child has this 
latter, and learns to walk but slowly, because of the 
difficulty, perhaps in ten or twelve months, while the 
young of quadrupeds, having a broad supporting base, 
are able to stand, and even to move about almost im- 
mediately : but it is the noble prerogative of man to be 
able to support his towering tigure with great firmness, 
on a very narrow base, and under constant change of 
attitude. — Arnott. 

Why care the " safety coaches" built with the wheels 
far apart, and the luggage-receptacles beneath the body ? 

Because they may have a broader base, and thus be 
less liable to overturn. 

Why do builders use the plummet, or plumb line ? 
Because, when applied to a body, it is a visible in- 
dication of the line of its centre of gravity. 

Why do certain structures remain secure, although 
they have lost their perpendicularity ? 

Because the line of their centre of gravity remains 
within the base. The famous tower of Pisa was built 
intentionally inclining, to frighten ann 1 surprise ; it is 
130 feet high, and overhangs its base .16 feet At 
Bologna are two celebrated leaning towers, one of 
which, the Asinelli, is 350 feet high, and 3£ feet out of 
the perpendicular. The other, trio Garisenda,is about 
130 feet in height, and inclines 8 feet from the per- 
pendicular. Montfaucon, the celebrated antiquary, 
attributes the leaning of these towers to the sinking of 
the earth. He says, it appears, upon examination. 
that when the Garisenda tower bowed, a great part of 
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it went to ruin, because the ground that the inclined 
side stood on was not so firm as the other, which 
may be said of all other towers that lean so ; for 
u besides these two here mentioned, the tower for the 
bells of St Mary Zobenica, at Venice, leans consider- 
ably to one side. So also at Ravenna, I took notice of 
another stooping tower, occasioned by the ground on 
that side giving way a tittle. In the way from Ferrara 
to Venice, where the soil is marshy, we see a structure 
of great antiquity leaning to one side. When the 
whole structure of the Garisenda stooped, much of it 
fell, as appears by the top." 

The Monument, near London Bridge, inclines so 
much that timid people sometimes doubt its stability, 
and some 4 years since its fall was a point of discussion. 
Salisbury and other of our cathedral spires or towers 
have lost something of their perpendicularity ; Ches- 
terfield, in Derbyshire, is proverbial for its zig-zag or 
wry spire. 

The Monument is of the Doric order, and rises from 
the pavement to the height of 202 feet, containing 
within its shaft a spiral stair of black marble of 345 
steps ; the plinth is 21 feet square. It was begun in 
16/1, but was not completed till 1677; stone being 
scarce, and the restoration of London and its cathedral 
swallowing up the produce of the quarries. Mr. 
Elmes, in his Life of Sir Christopher Wren, the archi- 
tect, tells us that the Monument was "at first used 
by the members of the Royal Society for astronomical 
experiments, ■ but was abandoned on account of its t>»- 
braiions being too great for the nicety required in their 
observations. This occasioned a report that it was 
unsafe ; but its scientific construction may bid defiance 
to the attacks of all but earthquakes for centuries." 
The more recent fear of its instability was therefore 
only a revival of this alarm ; which probably obtained 
some credence among weak persons, from its being 
erroneously attributed to Fellows of the Royal Society 
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Why is it physically advantageous to turn out the 
toes? 

Because the supporting base of a mau consists of 
the feet and the space between thern ; and turning out 
the toes, without taking much from the length of the 
base, adds a good deal to the breadth. — Arnott. 

Why do very fat people usually throw hack their heaof 
and shoulders ? 

Because, by so doing, they keep the centre of gravity 
of the body over the base. 

SIMPLE MACHINES. 

Wliy have the u simple machines" as the lever, wheel 
and axle, plane, wedge, screw, and pulley, been long 
called the " mechanic potoers ? " 

Because they were first used to raise great weights, 
or overcome great resistances. Hence the common 
error in supposing that they generate force, or have a 
sort of innate power for saving labour ; whereas, nei- 
ther simple machines nor mechanic powers save la- 
bour, in a strict sense of the phrase. 

Why, then, are these machines advantageous ? 

Because they allow a small force to take its time to 
produce any requisite magnitude of effect. Thus, one 
man's effort, or any small power, which is always at 
command, by working proportionally longer, will an- 
swer the purpose of the sudden effort of many men, 
even of hundreds or thousands, whom it might be 
most inconvenient and expensive, or even impossible 
to bring together. 

Why are there so many vain schemes for perpetual 
motions, and neio mechanical engines of power / 

Because the projectors do not understand the great 
truth, that no form or combination of machinery ever 
did or ever can increase, in the slighest degree, the 
quantity of power applied. Hence tne futility of sup- 
posing that a lever, or great pendulum, or spring, or 
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Because such 
lift [li vure, Latin) weights. 

The lever, in mechanics, coinpeiiKitos power by space, 
and what is lust in power is gained in time. If the 
lever be 17 lent long, unci the pivot or fulcrum be a 
foot from one end, an onni'e placed on the other end 
will balance a |>u I placed on ilic near end. If, in- 
stead of an ounce, we plnce upon the long end 
short end of a second beam or lever, supported ' 
fulcrum om: foot from it, mid then place the lonj 
of this second lever upon (lie short end of a third 
whose fulcrum is one four from it ; rind it' we put upon 
the end of tliis tliiril lover's Imif: iirin nil ounce weight, 
that ounce will move upwards a pound on the second 
lever's long anil ; and : 1 1 i .— = mm \\rj upwards, will cause 
the short end to force ilownwnnls lii pomuls at the long 
end of the first lever, which will make the short end 
of the first lever move upwards, although 'Jot! pounds 
be laid upon it. The same eihvt continuing, a pound 
on the long end of the third lever, will move up a tr " 
and three-quarters ai flu- short i.'inl of the lirst lever, 
that the touch of a child's linger, will move a? ""'■ 
as two horse? can draw. — .Votes in Science. 

Why did .-'hrhiimil's nasonnl/hi niougk say, 
me a lever long enough, and a prop strong enough, and 
with my own weight / will move, the world?" 

Because there is no limit to the diflerence of in- 
tensity in fnrers, wliieii may lie placed in opposition to 
each other l>y the lever, except ilic length audstrength 
of the material of which the levers must be formed. 
But he would have required to move with the velocity 
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of a cannon-ball for millions of ages, to alter the po- 
sition of the earth by the small part of an inch. This 
feat of Archimedes is, in mathematical truth, performed 
by every man who leaps from the ground, for he kicks 
the world away when he rises, and attracts it again 
when he falls back. — Arnott. 

Why is a finger caught near the hinge of a shutting 
door so much injured ? 

Because the centre of action of the door moves 
through a space comparatively great, and acts with a 
great lever-advantage on a resistance placed near the 
fulcrum of the lever where there is little motion. 
Children pinching their fingers in this way, or in the 
hinge of tne fire-tongs, where there is a similar action, 
wonder why the bite is so keen. 

Why have pincers or forceps such extraordinary 
power? 

Because they are double levers, of which the hinge 
is the common prop or fulcrum. Dr. Arnott thus illus- 
trates the advantages of this machine : — In drawing a 
nail with steel nippers, we have a good example of the 
advantages of usmg a tool ; 1. The nail is seized by 
teeth of steel, instead of by the soil fingers ; 2. Instead 
of the griping force of the extreme fingers only, there 
is the force of the whole hand conveyed through the 
handles of the nippers ; 3. The force is rendered, per- 
haps, six times more effective by the lever length of 
the handles ; and, 4. By making the nippers, in draw- 
ing the nail, rest on one shoulder as a fulcrum, it ac- 
quires all the advantages of the lever or claw-hammer 
for the same purpose. 

Why do lofty sails often cause open boats to upset ? 

Because the mast and sails set upon it are as a long 
lever, having the sails as the power, turning upon the 
centre of buoyancy of the vessel as the fulcrum, and 
lifting the balance or centre of gravity as the 
ance. 

FART VII. D 
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Why may a boy, who cannot exert a direct farce of 
SOUbs^ by means of a claw-hammer, extract a nau\ to 
which half a ton might be suspended ? 

Because his hand, perhaps, moves through eight 
inches, to make the nail rise one quarter of an inch. 
The claw-hammer also proves, that it is of no conse- 
quence whether the lever be straight or crooked, pro- 
vided it produces the required difference of velocity 
between power and resistance. The part of the ham- 
mer resting on the plank, is the fulcrum, or prop. 

Why does a combination of levers produce such extra- 
ordinary power f 

Because if a lever, which makes one balanced/bur, 
be applied to work a second lever which does the same, 
one pound at the long arm of the first, will balance 
sixteen pounds at the short arm of the second lever, and 
would balance sixty-four at the short arm of a third 
such, &c. — JimotL 

WHEEL AND AXLE. 

Why is motion transmitted through a train of wheel- 
work oy the formation of teeth upon the circumference of 
the wheels ? 

Because the indentures of each wheel fall between 
the corresponding ones of that in which it works, and 
ensure the action so long as the strain is not so great 
as to fracture the tooth. 

Why is a heavy wheel sometimes used as a concentrator 
of force, or a mechanic power ? 

Because, by means of a winch, or a weight, or 
otherwise, motion or momentum is gradually accu- 
mulated in the wheel, and is then made to expend 
itsejf in producing some sudden and proportionally 
great effect. 

The coining-presses of the Royal Mint are thus im- 

Eelled by a fly-wheel, and generally complete a coin 
y one blow ; and they strike, upon an average, 60 
blows in one minute ; the blank piece, previously pre- 
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pared and annealed, being placed between the dies 
by part of the same mechanism. The number of pieces 
which may be struck by a single die of good steel, 
properly hardened and tempered, not unfrequently 
amounts, at the Mint, to between 3 and 400,000. 
There are eight presses frequently at work for ten 
hours each day, and each press produces 3,600 pieces 
per hour ; but, making allowances for occasional stop- 
pages, we may reckon the daily produce of each press 
at 30,000 pieces; the eight presses, therefore, will 
furnish a diurnal average of 240,000 pieces. 

Why is it an error to account the fly-wheel a positive 
power ? 

Because, in common cases, it merely equalizes the 
effect of an irregular force. Thus, in using a winch 
to turn a mill, a man does not act with equal force all 
round the circle; but a heavy wheel, fixed on the 
axis, resists acceleration and receives momentum, 
while his action is above par, and returns it again 
while his action is below par, thus equalizing the 
movement. Again, in circular motion produced by a 
crank, when by the pressure of the foot on a treadle, 
we turn a lathe, or grindstone, or spinning- wheel, the 
force is only applied during a small part of the revolu- 
tion, or in the form of interrupted pushes, yet the 
motion goes on steadily, because the turning grind- 
stone, or wheel, or lathe, merely becomes a fly and 
reservoir, equalizing the effect of the force. 

Why is the common winch in principle a wheel? 

Because the hand of the worker describes a circle, 
and there is no difference in the result, whether an 
entire wheel be turning with the hand, or only a single 
spoke of the wheel. 

Why is a man on a treadmill compelled to keep per- 
petually moving ? 

Because, being placed at the circumference of the 
wheel, his weight turns it, and he must move forward 
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as fost as the wheel descends, so as to maintain his 
position continually at the extremity of the horizontal 
diameter of the wheel. 

Hie invention of the treadmill is, by some persons, 
said to have been derived from a squirrel in a cylin- 
drical wire cage. 

WHEEL CARRIAGES. 

Why have wheel carriages been advantageously sub- 
stituted for sledges? 

Because the rubbing or friction, instead of being 
between an iron shoe and the stones and irregularities 
of the road, is between the axle and its bush, which 
have surfaces smoothed and fitted to each other, and 
well lubricated. 

Why does the wheel aid the progress of a camagef 
Because, while the carriage moves forwards, per- 
haps 15 feet, by one revolution of its wheel, the rub- 
nag part, viz. the axle, only passes over a few inches 
of the internal surface of its smooth greased bush. 
Again, the wheel surmounts any abrupt obstacle on 
the road, by the axle describing a gently rising slope 
or curve ; and by rising as on an inclined plane, and 
giving to the drawing animal the relief which such a 
plane would bring. — Arnott. 

Whv are wheels usually made of a dished form, that 
is, inclining outwards ? 

Because they thus acquire astonishing strength, in- 
deed that of the arch, as contrasted with the flat or 
upright wheel ; the dished form is farther useful in 
this, that when the carriage is on an inclined road, 
and more of the weight consequently falls upon the 
wheel of the lower side, the inferior spokes of that 
wheel become nearly perpendicular, and therefore 
support the increased weight more safely. The dis- 
advantage of these wheels, however, is, that an in- 
clining wheel naturally describing a curved path, the 
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horsed, in drawing straight forward, have to overcome 
this deviating tendency in all the wheels. — JbnotL 

Why are axles made of steel, and the parts on which 
they bear of brass ? 

Because friction is universally diminished by letting 
the substances which are to rub each other be of dif- 
ferent kinds. The swiftness of a skaiter, it may be 
observed, depends much on the dissimilarity between 
ice and steel. 

^ Why are the fore-wheels of carriages smaller than the 
kind-wheels ? 

Because they facilitate the turning of the carriage. 
The advantage of the wheel is proportioned to the 
magnitude ; the smaller wheel having to rise a steeper 
curve. It is not true, however, according to the 
popular prejudice, that the large hind-wheels of 
coaches and waggons help to push on the little wheels 
before them. — Arnott. 

From these causes, continues the same ingenious 
writer, "the difference in pei^rming the same jour- 
ney of a mile by a sledge and a wheel carriage, is, 
that while the former rubs over every roughness in 
the road, and is jolted by every irregularity, the rub- 
bing part of the latter, the axle, glides very slowly 
over about thirty yards of a smoothed oiled surface, in 
a gently waving line. It is ascertained that the re- 
sistance is thus reduced to I-100th of what it is for a 
sledge." 

Why do springs not only render carriages easy vehi- 
cles on rough roads, but much lessen the pv& to tike 
horses ? 

Because, where there is no spring, the whole load 
must rise with every rising of the road, and must sink 
with every depression, and the depression costs as 
much as the rising, because the wheel must be drawn 
up again from the bottom of it ; but in a spring car- 
riage, moving rapidly along, only the parts below the 
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springs are moved, in correspondence with the irregu- 
larities, while all above, by the inertia of the matter, 
have a soft and steady advance. — ArnotL 

Again, springs of carriages convert all percussion 
into mere increase of pressure: that is to say, the 
collision of two hard bodies is changed by the inter- 
position of one that is elastic, into a mere accession of 
weight It is probable, that under certain modifica- 
tions, springs may be applied with great advantage 
to the heaviest waggons. 

In surmounting obstacles, a carriage with. its load 
being lifted over, the springs allow the wheels to rise, 
while the weights suspended on them are scarcely 
moved from their horizontal level 

Why are u under-springs" so advantageous in very 
modern carriages ? 

Because they insulate from the effects of shocks, 
all the parts, excepting the wheels and axletreee 
themselves. When only the body of the carriage is 
on springs, the horses have still to rattle the heavy 
frame- work below it, over all irregularities. 

Why, in descending a hilly road, is it common to lock 
or fix one of the wheels of a carriage ? 

Because, the friction is then increased, and there is 
less chance of a rapid descent ; the horses having then 
to pull nearly as much as on a level road, with the 
wheel free. 

We have noticed a very effectual mode of u locking" 
the hind wheels of carriages, on the continent, by 
screwing a bar transversely, against the outer rim of 
the wheels ; by this means, the wheels may be either 
partially or wholly locked, according to a powerful 
screw, in the centre of the bar. This mode is adopted 
by the Paris diligences ; we first noticed it in a Swiss 
caliche,, of great strength. The bar is rather unsight- 
ly, but our excellence in the construction of wheel- 
carriages should not lead us always. to look for ele- 
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gance, where convenience is a main point, as in a 
vehicle for travelling. 

Why should a road up a very steep kill, be made to 
wind or zig-zag aU the way ? 

Because, to reach a given height, the ease of the 
pull is greater, exactly as the road is made longer. 

Why is it important to make roads as level as pos- 
sible? 

Because, a horse drawing on a road where there is 
a rise of one foot in twenty, is really lifting one twen- 
tieth of the load, as well as overcoming the friction} 
and other resistance of the carriage. — Jbnott. 
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Why are cutting instruments, knives, razors, the axe, 
fyc. examples of the wedge ? 

Because at the same time that we pull them length- 
wise, we press them directly forward, against the object 
A saw, too, is a series of wedges. 

Why does a razor, (if drawn lightly over the hand) 
dart into the flesh, whereas, if pressed against the hand 
with considerable force, it wiu not enter ? 

Because of the vibration of particles produced by 
the drawing action, which enables the razor to insinuate 
itself more easily. We witnessed an example, only a 
few days since, when a bon vivant, in a fit of mis- 
chievous ecstasy, seized a pointless table knife? and 
passed it very lightly down the back of his friend's 
coat. The injury was not immediately seen, but the 
cloth proved cut, from the collar to the waist ; whereas, 
had the knife been heavily pressed against the cloth, the 
coat would have escaped injury, and the gay fellow the 
expense of his folly. 

Why is the wedge so important an agent in (he arts 
and manufactures? 4^l 

Because it exerts enormous force tiiroujgjPPrery 
email space. Thus, it is resorted to for splitting 
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of timber, or stones. Ships are raised in docks, by 
wedges driven under their keek. The wedge is die 
principal agent in the oil-mill. The seeds, from which 
the oil is to be extracted, are introduced into hairhags, 
and placed between planes of hard-wood. Wedges 
inserted between the bags, are driven, bj allowing 
heavy beams to fell on them. The pressure thus 
excited is so intense, that the seeds in the bags are 
formed into a mass nearly as solid as wood. — LdJardmBr. 
The details of an extensive oil mill near Garrat are 
as follow: — A magnificent water-wheel, of 30 feet 
turns a main shaft, which gives motion to a pair of 
vertical stones, raises the driving-beams, and turns a 
band, which carries the seed in small buckets from the 
floor to the hopper. The shock on the entire nervous 
system, produced by the noise of the driving-beams as 
they fall on the wedges, is not to be described. The 
sense of hearing for the time is wholly destroyed, and 
the powers of voice and articulation are vainly exerted. 
The noise is oppressive, though a rebound, compara- 
tively tuneful, takes place, nil the wedge is driven 
home ; but afterwards the blows fall dead, and pro- 
duce a painful jar ou the nerves, affecting the auditor 
for some hours with a sense of general lassitude, 

THE SCREW. 

Why does a screw enable a small farce to product such 
prodigious effects ? 

Because every turn of the screw carries it forward 
in a fixed nut, or draws a movable nut along upon 
it, by exactly the distance between two turns of its 
thread : this distance, therefore, is the space described 
by the resistance, while the force moves in the circum- 
ference of the circle described by the handle of the 
screw; and the disparity between these lengths or 
spacej ja^often as a hundred or more to one. — ArnotL 

Tfnymay the screw be called a winding wedge 9 
Because it has the same relation to a straight 
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wedge, that a road winding up a hill or tower has to a 
straight road of the same length and acclivity. 

Why is the screw, m some respects, a disadvantageous 
contrivance ? 

Because it produces so much friction, as to consume 
a considerable part of the force used in working it 

^ Why do mathematical instrument makers mark divi- 
sions on their work with the screw ? 

Because it can easily be made with a hundred turns 
of its thread in the space of an inch, and at perfectly 
equal distances from each other. If we suppose such 
a screw to be pulling forward a plate of metal, or the 
edge of a circle, over which a sharp-pointed steel 
marker is placed, which moves up ana down perpen- 
dicularly, the marker, if let down once for every turn 
of the screw, will make just as many lines on the 
plate ; but, if made to mark at every hundredth or 
thousandth of a turn of the screw, which it will do 
with equal accuracy, it may draw a hundred thousand 
distinct lines in one inch. 

Why may a printing press be said to do the work of 
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icause a solitary workman, with his screw or other 
engine, can press a sheet of paper against types, so as 
to take off a clear impression ; to do which without 
the press, the direct push of fifty men would be insuffi- 
cient ; and these fifty men would be idle and super- 
fluous, except just at the instant of pressing, which 
•recurs only now and then. This, and the two preced- 
ing illustrations, are almost literally from Dr. Arnott's 
works, in which the importance of having correct no- 
tions on the subject of the simple machines, or me- 
chanical powers, is illustrated by many other familiar 
examples. 

THE PULLET. 

Why is the pulley an advantageous machine f 
Because, in such a construction, it is evident that 
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the weight (let it be supposed ten pounds) is equally 
supported by each end of the rope, and that a man 
holding up one end, only bears half of it, or five 
pounds; but to raise the weight one foot, he must 
draw up the two feet of rope ; therefore, with the pul- 
ley, he lifts five pounds two feet, where he would have 
to lift ten pounds one foot without the pulley. 

Why have fixed pullies no mechanical advantage f 

Because the weight just moves as fast as the power; 
yet such pullies are of great use in changing the direc- 
tion of forces. A sailor, without moving from the 
deck of his ship, by means of such a pulley, may hoist 
the sail or the signal flag to the top of the loftiest mast 

Why is (he pulley on ship-board called a block ? 

Because of the block or wooden mass which sur- 
rounds the wheel or wheels of the pulley. Hence the 
machinery for making these pullies is called block-ma- 
chinery. Of that at Portsmouth, invented by Brunei, 
there is a set of magnificent models in the possession 
of the Navy Board. They consist of eight separate 
machines, which work in succession, so as to begin 
and finish off a two-sheaved block four inches in length. 

Mr. Faraday, in a lecture at the Royal Institution 
in 1829, stated generally, that the block -machinery of 
Portsmouth, by adjustments, could manufacture blocks 
of one hundred different sizes ; could, with thirty men, 
make one hundred per hour ; and, from the time of 
its completion in 1804-5, to that day, had required no 
repairs from Maudslay, the original manufacturer.. 
The total cost was £46,000, and the saving per annum, 
in time of war, was £25,000, after allowing interest 
for capital, and paying the expense of all repairs. 

Why is a chair or bucket, attached to one end of a 
rope which is carried over a fixed pulley, used as afire- 
escape ? 

Because a person, by laying hold of the rope on the 
other side, may, at will, descend to a depth equal to 
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half of the entire length of the rope, by continually 
yielding rope on the one side, and depressing the 
Ducket or chain by his weight on the other. In this 
case the pulley must be attached to some part of the 
building, or it is recommended that each chamber- 
floor of a dwelling-house should have a staple fixed 
near the exterior of a window, to which staple the 
pulley may be attached by a hook. This is, perhaps, 
the simplest fire-escape yet proposed, and we need 
scarcely add, the simpler the means the more likely is 
it to succeed in extreme danger. 

FRICTION. 

Why is the friction greater between pieces of the same 
substance, than between pieces of different substances, 
with dissimilar grains? 

Because, it is supposed, of the roughnesses, or little 
projections in the former, mutually fitting each other, 
as the teeth of similar saws would. 

"But for friction," observes Dr. Arnott, "men walk- 
ing on the ground or pavement would always be as 
if walking on ice ; and our rivers, that now flow so 
calmly, would all be frightful torrents." 

Why does the friction of various woods against each 
other vary? 

Because of their different degrees of hardness ; the 
soft woods in general giving more resistance than the 
hard woods; thus, yellow deal affords the greatest, 
and red teak the least friction. Soft metals also pro- 
duce greater friction, under similar circumstances, 
than those which are hard. — G. Rennie. 

Why is the friction of surfaces, when first brought 
into contact, often greater than after their attrition has 
been continued a certain time ? 

Because the smoother the surfaces are the less will 
be the friction, and mat process has a tendency to re- 
move those minute asperities and projections on which 
the friction depends. But this has a limit, and after 
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a certain degree of attrition the friction ceases to 
decrease. 

^ Why does smearing the surfaces with unctuous matter 
diminish the friction 7 

Because it nils up the cavities between the minute 
projections which produce the friction. 

Jfhy ha* plumbago, or black lead, been substituted fir 
oU tti docks and chronometers? 

Bedause, when mixed with spirit, it readily adheres 
to the surface of a steel pivot, as well as to the inside 
of the hole in which it runs, so that the rubbing sur- 
faces are no longer one metal upon another, but plum- 
bago upon plumbago. These surfaces, by their mutual 
action, speedily acquire a polish inferior only to that of 
the diamond, and then the retardation of the machine 
from friction is reduced almost to nothing, and wear 
and tear from this cause is totally prevented. 

Why are jewelled holes injurious to the pivots of 
watches and chronometers ? 

Because, sooner or later, however perfect the pol- 
ishing may be, the hard substance of the jewel grinds 
and cuts the steel pivot, and the metallic particles clog 
the oil. 

Why is a peculiar metal requisite for pivot-holes ? 

Because it must preserve the oil in a fluid state, 
have little friction with the steel pivot, and be in a de- 
gree softer than the pivot, for it is of less consequence 
that the hole be worn than the pivot Brass is objec- 
tionable, on account of its liability to rust, and gold 
is too soft for the purpose. Now, an alloy possessing 
the above requisites has lately been discovered by Mr. 
Bennett, watchmaker, of Holborn. It consists of pure 
gold, silver, copper, and palladium, and its small ex- 
pense, compared with that of jewels, is not its least 
recommendation. 
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Why is a hollow tube of metal stronger than the same 
quantity of metal as a solid rod 9 

Because its substance, standing further from die 
centre, resists with a larger lever. Hence, pillars of 
cast-iron are generally made hollow, that they may 
have strength, with as little metal as possible. Masts 
and yards for ships have been made hollow; in accord- 
ance with the same principle. 

Why does a plank bend and break more readily than 
a beam, and a beam resting on its edges, bear a greater 
weight than if resting on tts side ? 

Because tne resisting lever is smaller in proportion 
as the beam is thinner. . Where a single beam cannot 
be found deep enough to have the strength required 
in any particular case, as for supporting the roof of a 
house, several beams are joined together, and in a 
great variety of ways, as is seen in house-rafters, &c. 
which, although consisting of three or more pieces, 
may be considered as one very broad beam, with those 
parts cut out which do not contribute much to the 
strength. — Jirnott. 

Why is a beam, when bent by its weight in the middle, 
very liable to break ? 

Because the destroying force acts by the long lever, 
reaching from the end of the beam to the centre, and 
the resisting force or strength acts only by the short 
lever, from the side to the centre ; while only a little 
of the substance of the beam on the under side is al- 
lowed to resist at all. This last circumstance is so 
remarkable, that the scratch of a pin on the under side 
of a plank, resting as here supposed, will sometimes 
suffice to begin the fracture. — Arnott. 

Why is a suspension bridge more economical than an 
ordinary, or insistent bridge ? 

Because a suspension-bridge varies its curve so as 
to adapt it to any variation or partial excess in its 
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We may here mention, that Mr. Bevan has found 
the Btrength or cohesion of ca^-iron. to be upwards of 
30,000 pound? to the square-inch, ihoush much de- 
pends upon the mode of applying the force. 

ffky is iron best eemtidtd by (cst-iron ? 

Because pure iron, when surrounded by and in con- 
tact with cast-iron turnings, and hrated. is carbonized 
very rapidly, so as to exhibit all the properties of steeL 

Why is hiaUd air now vstd in smdting iron ? 

Because it requires but tliree-fburths of the quantity 
of coal requisite, when cold air, that is, air not artifi- 
cially heated, is employed for that purpose ; while the 
produce of the furnace in iron, is at the 
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greatly increased. It is supposed, that this improve- 
ment will, accomplish a saving in the cost of the iron, 
in Great Britain, to the amount of at least 200,0O0J. 
a-year. — Jameson, 

Why are piles for bridge-building, driven by great 
weights being suddenly let Jail on them ") 

Because the body of the workman being too weak, 
to give a forcible downward push directly, he' employs 
a certain time in carrying a weight up to such an 
elevation above his work, that when let fall, its mo- 
mentum may do what is required. Here the continu- 
ed efforts of the man : in lifting the weight, to a height 
of perhaps thirty feet, may be just sufficient to sink 
into the earth one inch; and the continuance has, 
therefore, balanced forces, which are to each other in 
intensity, as thirty feet to an inch. — Arnott. 

Why does an ill-built bridge generally flatten in the areh% 
Because the builder has not sufficiently attended to 
the effect of the horizontal thrust of the arch on its 
piers. Each arch is 'an engine of oblique force, push- 
ing the pier away from it. In some instances, one 
arch of a bridge falling, has allowed the adjoining 
piers to be pushed down towards it, by the thrust, no 
longer balanced, of the arches beyond ; and the whole 
structure has given way at once, like a child's bridge, 
built of cards.—-w2raott. 

The principle of bridge-building is beautifully illus- 
trated by the small toy-models ; the stones being rep- 
resented by separate pieces of wood, which the 
juvenile architect is required to form into an arch, or 
arches. It could be wished that the above and such 
scientific toys were better appreciated in England.* 
They sceni only to suit the caprice of the moment. 
Thus, the Chinese, Indian, and other puzzles, were 
but the favourites of a year, and Dr. Brewster's splen- 
did kaleidoscope was less understood, and more abus- 
ed, than any modern discovery. 
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Why do the great domes of churches resemble simpk 
archest 

Because they have strength on die same principle, 
being in general, strongly bound at die bottom, with 
chains and iron bars, to counteract die horizontal 
thrust of the superstructure ; this binding, in truth, re- 
sembling a pier all round. St. Peter's at Rome, and 
St Paul's in London, are fine examples; as is also 
the large fir roof of the Basilica of St Paul's. At 
Rome, the trusses are double, and placed fifteen inch- 
es asunder, which gives it, probably, more stability 
than if they were strapped and bound into single 



Why is the Gothic or pointed arch so universally ad- 
mired for its strength and beauty ? 

Because it bears the chief weight on its summit or 
key-stone. Bishop Warburton, in his Divine Legation, 
supposes the Gothic arch to hare been taken from an 
avenue of trees. Hence the "high o'er arching 
groves,'' and " the verdant portico of woods," of M3f 
ton and Thomson ; Cowper says, 

" The grove receives as next, 
Between the upright shafts of whose tall elms," tc 

In Betchworth Park, Surrey, is an avenue of gigantic 
elms : its length is 350 yards, resembling the nave of a 
cathedral ; the trees form, on the outside, a vast screen 
or wall of verdure ; within, the branches, meeting at a 
great height in the air from the opposite rows, form 
u Gothic arches," and exclude every ray of the meri- 
dian sun. 

Why does the arched form bear pressure so admirably ^ 
• Because, by means of it, the force that would de- 
stroy is made to compress all the atoms or parts at 
once, and nearly in the same degree. The whole sub- 
stance of the arch therefore resists, almost like that of 
a straight pillar under weight, and is nearly as strong. 

The strength of the arched form is exemplified in 
the well-known experiment of bottles, containing only 
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air, and corked, being let down into the sea, and drawn 
up filled with water, and the cork driven in below the 
neck of the bottle. Thus, if the bottle have flat sides, 
and be square-bottomed, it will be broken by the pres- 
sure ; but, if it be round, it will be more likely to resist 
the pressure, and have the cork forced in. The shape, 
in this case, is conducive to strength, — partaking of the 
qualities of an arch. 

It is not known at what period the arch was invented, 
but it was comparatively in modern times. The hint 
was probably taken from nature ; arched rocks being 
among the interesting wonders of the earth. At Lewis, 
in the Hebrides, is a stupendous specimen of curved 
gneiss, (a primitive rock, in which metals mostly 
abound) which has the bold symmetry of the Saxon 
arch. It is a matter of surprise, that, with so many 
specimens in nature, the arched form was not adopted 
earlier. The human skull is another specimen of the 
arched form ; and the strength thus obtained, explains 
the unseeming impossibility of breaking an egg by 
pressing it endwise between our hands : again, what 
hard blows of the spoon or knife are often requisite to 
penetrate the shell. "The weakness of a similar sub- 
stance, which has not the arched form, is seen in a scale 
from a piece of free-stone, which so readily crumbles 
betweeu the fingers." 

It is generally admitted, that the early Greeks were 
unacquainted with the principle of constructing the 
arch, and that neither the Indians nor Egyptians were 
acquainted with it. In Egypt, however, the monu- 
ments of which country are more ancient probably than 
any other on the face of the globe, the form of the Ro- 
man arch was well known, as is attested by remains of 
passages cut oid in stone. Among the ruins of Theoes, 
sun-dried brick-buildings have been found to contain 
constructed arches, which may be referred to an age 
coeval with Thebes itself, as well as to any later pe- 
riod. In the oldest buildings of the Hairan, are round 
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and pointed arches, rat oat and c onbUu cted; ao that 
the arch may be carried back to Ibe earfieat period at 
which these fertile plains were first peopled by a race 
dwelling in booses ; and this we know to hare been at 
early as the time of Job, or eren before, as, in hie day, 
hie sons and daughters feasted luxuriously m hmues. 
If is not, however, to be necessarily inferred from this, 
that the Romans borrowed the form of the arch, or the 
prin c i ple of its construction, from the East, since these 
might both hare existed in this quarter at an early pe- 
riod, and yet have been discovered in Italy at a mack 
later date, without any knowledge of its exntence else- 
where* — Abridged from Buckingham's Travels. 

Why is the invention of architecture attributed at ft* 
JEgvptiqns? 

JSecause the Egyptian capitals are a complication of 
orders in one mass, which, if divided, would produce 
numerous hints for new ideas. Thus, from the lotus- 
leaved capitals, it will be acknowledged, that the Dork 
and Corinthian orders have been extracted. The Ionic, 
also, is believed to have originated in Egypt ; from the 
remains of the small temple of Isis, in the island of 
Philae. Isis, is the Io of the Greeks, from whom the 
name of Ionic was no doubt derived ; and it is very 
probable, that he who introduced the order gave it that 
name, as having been taken from the temple of the 
goddess. Such is the hypothesis of Belzoni, respecting 
three of the five orders ; the remaining two are thus 
explained : — the Tuscany by inspection, and comparison 
of its component elements, will be found almost the 
same as the Doric, and is evidently derived from it; 
and the Composite is formed of the proportions and en- 
richments of the Corinthian order, and the angular 
volute of the Ionic 

Why did the Egyptians erect such stupendous monw- 
merits as the pyramids? 
Because, it is conjectured, of the policy of the 



MECHANICS. 



4! 



Egyptian rulers, whose plan to prevent the evils of 
over-populousness, was, to accustom the lower orders to 
a spare diet, and employ them in the construction of 
huge edifices, destined for tombs, or the temples of re- 
ligion. Hence, the pyramids and excavated temples, 
which still excite the wonder of the world, and prove 
what may. be effected by the aid of the simplest ma- 
chinery, — with tune, numbers, and perseverance. — 
Bdzoni. 

Why do the more ancient Egyptian monument* ex- 
ceed the later in design and execution ? 

Because, among the Egyptians, every thing advanced 
to a certain point of perfection ; — there stopped, never to 
advance, but rather to recede. — Belz&nL 

Why are light-houses buUt of a circular form? 

Because, partaking of the properties of the arch, it 
best enables them to withstand the fury of tempests, 
from every quarter. The Eddystone light-house, built 
by Mr. Smeaton, the English engineer, is a splendid 
triumph of this principle. 

Why were mirrors first used for reflecting light- 
houses? 

Because of the following trivial circumstance. 

At a meeting of a society of mathematicians, at Li- 
verpool, one of the members proposed to lay a wager, 
that he would read a paragraph of a newspaper, at ten 
yards distance, with the light of a farthing candle. 
The wager was laid, and the proposer covered the in- 
side of a wooden dish with pieces of looking-glass, 
fastened in wi;h glazier's putty, — placed his reflector 
behind the candle, and won his wager. One of the 
company marked this experiment with a philosophic 
eye. This was Capt. Hutchinson, the Dock-master, with 
whom originated the Reflecting Light-houses, erected 
at Liverpool, in 1763. 

The revolving lights, as at Calais, are an improve- 
ment upon this invention. Lieutenant Drummrv d's 
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ingenious application of ignited lime to the ffliimina- 
tion of light-houses, a brilliant discovery of the present 
day, has been already noticed.* 

Why is hempen-rope preferable to iron-chain for tk 
scale of a weighing beam ? 

Because the rope resists a greater weight falling into 
the scale than is resisted by the chain, and is altoge- 
ther stronger than the chain ; the hemp yields by its 
elasticity, and continues its resistance through a con- 
siderable space and time, — and thus at last gradually 
overcomes the momentum ; while the iron, by not yield- 
ing; either requires to be strong enough to stop the 
mass suddenly, or breaks. 

Why are chain cables stronger than those of hemp m 
rope? 

Because the chain, by its weight, hangs as a curve 
or inverted arch in the water, while the rope being 
nearly of the weight of water, is supported by it, and 
becomes almost a straight line from the anchor to the 
ship ; and when a great wave dashes against the shin, 
the straight rope can only yield by the elasticity of its 
material, and, comparatively, therefore, a little way; 
but the bent chain will yield until it be drawn nearly 
straight, and by this greater latitude of yielding, and 
consequent length of resistance, it will stand a greater 
shock. — Arnott. 

Why is British oak more durable than that of North 
America? 

Because variable weather, as in Britain, conduces to 
firmness, whereas, the hot summers of North America 
impoverish its growth. 

Why is steaming prejudicial to timber ? 

Because the heat and moisture together, always 
weaken that constituent principle of the timber, upon 
which its strength and durability in a great measure 
depend. 

* See Popular Chemistry, page 50 
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Why is steaming indispensable for ship-building ? 

Because die planks cannot be otherwise curved or 
twisted, as in the bends of the hull of the vessel. 

To give an idea of the enormous quantity of timber 
necessary to construct a ship of war, we may observe, 
that 2,000 tons, or 3,000 loads, are computed to be re- 
quired for a seventy-four. Now, reckoning fifty oaks 
to the acre, of 100 years standing, and the quantity in 
each tree at a load and a half, it would require forty 
acres Of oak-forest to build one seventy-four ; and the 
quantity increases in a great ratio, for the largest class 
of line-of-battle-ships. A first-rate man-of-war requires 
about 60,000 cubic feet of timber, and uses 180,000 
pounds of rough hemp, in the cordage and sails for it. 
The average duration of these vast machines, when 
employed, is computed to be fourteen years. It is 
supposed, that all the oaks now in Scotland, would not 
build two ships of the line. In Sweden, all the oak 
belongs to the king, or the proprietors of estates can 
only dispose of it to government ; so that, when not 
wanted for the navy, it is often left to decay, and in- 
deed, is generally much neglected. 

Why is teak wood superior to oak ? 

Because it is stronger and more buoyant. Its dura- 
bility is more decided ; and, unlike the oak, it may be 
put in use almost green from the forest, without danger 
of wet or dry rot. The oak contains an acid which 
corrodes and destroys iron ; the teak, on the contrary, 
possesses an essential oil which preserves iron. 

Why are beech and dm good timber for the lower 
keels of ships, and the piles of bridges ana harbours ? 

Because both, when under water, are extremely 
durable ; though neither stand the effects of the at- 
mosphere. 

Why is fir preferable to oak for common building ? 

Because it is lighter, far more elastic, more easily 
worked, straighter, and of much greater length. The 
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best that comes in the form of deals, is from Christiana 
and Frederickstadt, chiefly on account of the vast su- 
periority of the saw-mills there. 

Why was chestnut used in ancient roofs ? 

Because of its lightness and durability. The largest 
roof of the ancient construction is that of Westminster 
Hall, which is of chestnut. The support of every piece 
of timber is apparent ; and the only strain which ap- 
pears directly across the timber is on the boards and 
rafters between the great trusses ; and it does not ap- 
pear to be in the least decayed, although constructed 
four hundred and fifty years since. 

COALS AND GUNPOWDER. 

Why are coals so productive of grand mechanical 
effects? 

Because of their great hidden powers, which we 
can at pleasure call into action. Thus, it is well 
known to modern engineers, that there is virtue in a 
bushel of coals, properly consumed, to raise seventy 
millions of pounds weight a foot high. This actually 
is the average effect of an engine at this moment work- 
ing in Cornwall. The Menai Bridge, one of the most 
stupendous works of art that has been raised by man 
in modern ages, consists of a mass of iron not less than 
four millions of pounds in weight, suspended at a 
medium height of about 120 feet above the sea. The 
consumption of seven bushels of coal would suffice 
to raise it to the place where it hangs. 

The great pyramid of Egypt is composed of granite. 
It is 700 feet in the side of its base, and 500 in per- 
pendicular height, and stands on eleven acres of ground. 
Its weight is, therefore, 12,760 millions of pounds, at a 
medium height of 125 feet ; consequently, it could be 
raised by the effort of about 630 chaldrons of coal, a 

Quantity consumed in some foundries in a week*— 
. F. Herschel. 




MECHANIC*. 

Why is gunpowder another important source of me- 
chanical power? 

Because of the tremendous force which it exercises 
in certain operations, as blasting rocks, &c. in the 
progress of mechanical works. Thus, in the progress 
of cutting the Delaware Canal, four kegs of gunpow- 
der, containing about 1001b. were, in 1829, used for a 
single blast, and had the effect of rending in pieces 
more than 400 cubic yards of rock.* 

Yet it is only when we endeavour to confine gun- 
powder, that we get a full conception of the immense 
energy of that astonishing agent. In Count Rumford's 
experiments, twenty-eight grains of powder in a small 
cylindrical space which was just filed, tore asunder a 
piece of iron which would have resisted a strain of 
400,000 pounds, applied at no greater mechanical dis- 
advantage. 

BALANCES. 

Why are we enabled to determine the relative weight 
of a body, compared with the weight of another body, 
assumed as a standard, by means of the balance ? 

Because the balance consists of an inflexible rod or 
lever, called the beam, furnished with three axes; 
one, the fulcrum, or centre of motion, situated in the 
middle, upon which the beam turns, a^d the other two 
near the extremities, and at equal distances from the 
middle. These last are called the points of support, 
and serve to sustain the pairs or scales. These points 
and the fulcrum are in the same right line, and the 
centre of gravity of the whole should be a little below 
the fulcrum, when the position of the beam is hori- 
zontal. The arms of the lever being equal, it follows, 

* By way of parallel with this effect, thongh produced by different 
means,we may mention that in 1825 there was opened in Cochin- 
China, a canal twenty-three miles long, eighty feet wide, and twelve 
feet deep. It was begun and finished in six weeks, although carried 
throu gh large forests, and over extensive marshes. Twenty thousand 
men were at work upon it day and night j and it is said that seven 
thousand died of fatigue 
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that if equal weights be put into the scales, no efifect 
will be produced on the position of the balance, and 
the beam will remain horizontal If a small addition 
be made to the weight in one of the scales, the hori- 
zontality of the beams will be disturbed; and/ after 
oscillating for some time, it will, on attaining a state 
of rest, form an angle with the horizon, the extent of 
which is a measure of the delicacy or sensibility of the 
balance. 

Why should not the weights of a balance he touched bf 
the hand? 

Because that would not only oxydate the weight, 
(or cause it to rust) but by raising its temperature^ it 
would appear lighter when placed in the scale-pan, 
than it should do, in consequence of the ascent or the 
heated air. For the large weights, a wooden fork or 
tongs should be employed ; and for the smaller, a pair 
of forceps made of coftper ; this metal possessing suffi- 
cient elasticity to open the forceps on their being re- 
leased from pressure, and yet not opposing a resistance 
sufficient to interfere with mat delicacy of touch, which 
is desirable in such operations. — Kater. 

Why does one weight alone serve to determine a great 
variety of others, by the steelyard ? 

Because the steelyard is a lever, having unequal 
arms, and by sliding the weight along the longer arm 
of the lever, we thus vary its distance from the ful- 
crum, taken in a reverse order ; consequently, when a 
constant weight is used, and an equilibrium estab- 
lished, by sliding this weight on the longer arm of 
the lever, the relative weight of the substance weighed, 
to the constant weight, will be in the same proportion 
as the distance of the constant weight from the ful- 
crum is to the length of the shorter arm. 

Why is the spring steelyard in very general use f 
Because of its portability ; as a spring that will as- 
certain weights from one pound to fifty, is contained 
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ia acylinder only 4 inches long, and f inch diameter. 
To use this instrument, the substance to be weighed is 
suspended by a hook, the instrument being held bv a 
ring passing through the rod at the other end. *tf he 
spring then suffers a compression, proportionate to the 
weight, and the number of pounds is indicated by the 
division on the rod, which is cut by the top of the 
cylindrical tube. — Kater. 

The dial weighing machine is a modification of the 
same principle, connected with hands on a dial or 
clock-race to denote the weight. 

water. . 

Why do water-wheels vary in their construction ? 
Because of the different w&f s in which the mecha- 
nical force of the liquid is intended to be applied. 

Why are certain of these wheels tolled overshot? 

Because the water by which they are impelled de- 
scends from its level to a lower one ; its weight during 
the descent (falling, as it were, over the wheel) caus- 
ing the wheel to turn. That this may be possible, it is 
only necessary that there should be a sufficient supply 
of water at the superior level, and that there should be 
a means of carrying it off after its descent, so as to 
prevent by its accumulation, the equalisation of the 
two levels. Hence the necessity or flood-gates in a 
mill course. On the circumference of the wheel the 
weight of the water is made to act in its descent, in a 
direction as nearly as possible at the right angles to 
the spokes, or radii; this pressure, however, acting 
only at one side of the wheel ; thus making the wheel 
revolve, and communicate motion to its axis ; and this 
motion being transmitted by wheel-work, and other 
connivances, to the machinery which it is required to 
work. 

Why are other wheels called undershot? 

Because the flat or float boards placed at equal dis- 
tances on the rim, and projecting from it, in diroc- 

part vn. r 
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tions diverging from its centre, are intended to receive 
the impulse of the water as it passes under the wheeL 
The wheel is thereby caused to revolve in the direc- 
tion of the stream, with a force depending on the 
quantity and velocity of the wdger, and the number, 
form, and position of the float-tioards. 

The breast wheel partakes of the nature of the over- 
shot and undershot wheels ; like the latter, it has float- 
boards ; but, like the former, it is worked more by the 
weight of water than by its impulse. 

The power of water on wheels may be thus illus- 
trated. If 100 gallons per minute be equal to a cer- 
tain power with one foot of fall, one gallon per minute 
will perform the same •work with 100 feet of fall.* 

Why is the hydrostatic or Br amah? s press, another 
example of the mechanical agency of uater ? 

Because water, in common with all fluids, possesses 
the power of transmitting pressure equally in every 
direction. In this instance, too, it is materially aided 
by the mechanical efficacy of the lever. 

Pascal demonstrated this principle and its advan- 
tages, by fixing to the upper end of a cask set upright, 
a very long and narrow cylinder. In filling the bar- 
rel, and afterwards the cylinder, the simple addition 
of a pint or two of water, whiclf the latter was capable 
of containing, produced the same effect as if the cask, 
preserving its diameter throughout, had its height in- 
creased by the whole length of the cylinder. Thus, 
the increase of weight of a pint or two of water, was 
sufficient to burst the bottom of the hogshead, by the 
immense augmentation of pressure it occasioned. Wow, 
if we suppose' the water removed from the cylinder of 

* The mechanical force of running water is tremendous. During 
the great storm and flood in Scotland, in 1829, the river Don forced a 
mass of 400 or 500 tons of stones, many of 200 or 300 pounds weight, 
up an inclined plane, rising 6 feet in 8 or 10 yards. A stone of 3 or 4 
tons, was . likewise moved out of a deep pool of the river, 100 yard* 
from its place. 



narrow dimensions, and replaced by a solid of equiva- 
lent weight, such as a piston, it is evident that the 
pressure must remain everywhere the same. Again, 
if we suppose the weight of the piston to be multiplied 
by the power of a lever acting on its shaft, the pres- 
sure will be proportionally augmented, so as to pro- 
duce on the bottom of the cask a pressure equivalent 
to an enormous weight, with the exertion of very little 
primitive force on the piston. — Notes in Science. 

This property of liquids also enables us with great 
facility to transmit the motion and force of one ma- 
chine to another, in cases where local circumstances 
preclude the possibility of instituting any ordinary 
mechanical connexion between the two machines. 
Thus, merely by means of water-pipes, the force of a 
machine may be transmitted to any distance, and over 
inequalities of ground, or through any other obstruc- 
tions. 

Why is the hydrostatic press more advantageous than 
that worked by a screw? 

Because between solids and fluids there is little or 
no friction ; and, accordingly, in the hydrostatic press 
no force is lost by friction, except what is necessary to 
overcome the friction of the pistons in the cylinders. 
The loss of power in the screw, by means of friction, 
has already been explained at page 32. 

ANIMAL STRENGTH. 

Why does the rate of steam carriages surpass the ut- 
most stretch of animal power ? 

Because the machine by which they are propelled, 
unlike any animal, rolls along unimpeded in any de- 
gree by the speed of its own motion. 

According to some experiments, recently made by 
Mr. Bevan, to determine the actual force of draught 
of carriages upon common roads, it appears that five 
horses will draw with equal ease the same load upon 
a good hard turnpike road, as thirty-three horses can 
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do upon loose sand. Or, if we assume the value adF 
draught, upon a well-formed road in good condition, 
at 6a. per ton per mile, the equivalent price of draught 
will be upon hard turf, 7£a. ; hard loam 9&d.; ordi- 
nary bye-road, 1*. 7dL; newly gravelled road, 2*. 2dL; 
loose sandy road, 3*. Id. — Philos. Mag. 

Thepowerofsomedo^sisvery extraordinary. Nino 
Esquimaux dogs, belonging to Captain Lyon, dragged 
1611 pounds one mile (1760 yards) in nine minutes^ 
and worked in this manner for seven or eight hours 
a day. 

Why is it so disadvantageous to propel boats on canals 

Because the expenditure of animal strength takes 
place in a far greater proportion than the increase of 
speed.- Thus, if a horse of a certain strength is barely 
able to transport a given load ten miles a day for i 
continuance, two horses of the same strength will be 
altogether insufficient to transport the same load twenty 
miles a day. To accomplish that a greater number of 
similar horses would be requisite. If a still greater 
speed be attempted, the number of horses necessary to 
accomplish it would be increased in a prodigiously 
rapid proportion. This will be evident, ii the extreme 
case be considered, viz., that there is a limit of speed 
which the horse, under no circumstances, can exceed* 
In an ordinary canal one horse with a boat will be suf- 
ficient for. every thirty tons. 

Why is a man better enabled than a horse to carry • ' 
weight up a steep hill ? 

Because the peculiar disposition of the limbs of • 
man, renders him well fitted for this species of labour) 
whereas it is the worst method in which a horse caa 
be employed. It has been observed that three men 
climbing a hill, loaded with lOOlbs. each, will ascend 
with greater speed than one horse carrying 3001bs. 

The average value of human strength, considered 
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as a mechanical agent, has been variously estimated. 
Desaguliers considers that a man can raise the weight 
of 5501bs. ten feet high in a minute, and continue to 
do so for six horn's. Smeaton, however,* thinks that 
six good English labourers will be required to raise 
21,141 solid feet of sea- water to the height of four feet 
in four hours. In this case, they will raise very little 
more than six cubic feet of fresh water each, ten feet 
high in a minute. The labourers whom Smeaton 
supposes to execute this work he considers to be equal 
to twice the number of ordinary men. It would, 
therefore, perhaps, be a fair average value of a man's 
work to estimate it, for a continuance, at half a hogs- 
head of water raised through ten feet in a minute. 

The efforts of men differ with the manner in which 
these efforts are employed. It has been shown by 
Mr. R. Buchanan, that the same quantities of human 
labour employed in working a pump, turning a wheel, 
ringing a bell, and rowing a boat, are as the numbers 
100, 167, 227, and 248. The most advantageous 
manner of applying human strength is in the art of 
rowing.— The strength of an ordinary man walking in 
an horizontal direction, and with his body inclining 
forward, is, however, only equal to 271b., and it is 
known by experience, that a horse can draw horizon* 
tally as much as seven men. 

Why is the potoer of a steam-engine expressed in 
horse potoer 9 

Because this mode was introduced when steam en 
gines first began to supersede horse mills, when the 
manufacturer naturally inquired how many horses a 
steam-engine would dispense with. Hence the ex- 
pression is more practical than scientific. 

The power of a horse is understood to be that which 
will elevate a weight of 33,000* pounds, the height of 

* Another estimate reduces this to only 22,000 pounds, raised one 
foot high in a minute, equivalent to 100 pounds in two miles and a 
half per hour. 

F 3 
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one foot in a minute of time, equal to about 90 pounds 
at the rate of four miles an hour. This is a force 
greater than that exerted by a common cart hone) 
which is not estimated at more than 70 pounds: that 
is to say, that a horse harnessed to a cart, weighing, 
with its load, forty cwt. or two tons, and drawing on a 
level road at the rate of four miles an hour, makesxnB 
of the same force, as if his traces, instead of being 
fastened to a cart, were passed over a pulley, and lift- 
ed perpendicularly a weight of 70 pounds. 

A steam-engine consumes about 20 feet of steam 
per minute for every horse-power. — Notes in Science. 

railways. 

Why are railways more economical than ordinary 
roads* 

Because, to drag a loaded waggon up one inconsid- 
erable hill, costs more force than to send it thirty or 
forty miles along a level railway ; and the conclusion 
follows, that although the original expense of forming 
the level line might materially exceed that of making 
an ordinary road, still, in situations of great traffic, the 
difference would soon be paid by the savings ; and 
when once paid, the savings would be as profit ever 
after. — Arnott. 

By way of illustrating the great economy of ma- 
chinery, we may observe, that in Sedjah, ( where the 
Arabs obtain fine millstones) " their unskilfulness and 
want of proper implements adapted to their labour, 
with the expense of carriage from the quarry to the 
place of sale, each stone requiring a single camel, 
(wheel carriages and good roads being entirely un- 
known) occasion an advance above the prime cost at 
which they might be hewn in England, of at least 500 
per cent, each pair of stones costing from ten to twen- 
ty pounds sterling." — Buckingham's Travels, 

JVhy has a suspension railway been represented m 
more advantageous Hum a ground railroad 7 
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Because the former takes a straightforward point 
from one town to another, without regard to the sur- 
face of the country over which it has to go, whether 
rising or falling, a perfect level being obtained by 
varying the heights of the pillars or piers which sup- 
port the railway ; while its height above the ground 
allows agriculture and commerce to go on under it 
without interruption. The cost of a suspension rail- 
way has been estimated at £1,400 per mile, which is 
about two-thirds less than the average expense of a 
ground railroad. Models of a suspension railway, and 
carriages adapted to it, were recently exhibited in Lon- 
don, by Mr. Maxwell Dick, their inventor. 

- Why is wrougld iron preferable to cast iron for raU- 

Because by wrought iron rails we reduce the num- 
ber of joints ; the difficulty of making the rails perfectly 
even at the joints, has also contributed much towards 
the introduction of wrought iron. 

Edge railways were first made of wood, near New- 
castle ; these were next covered with plates of wrought 
iron in the parts most likely to wear. Cast iron was 
subsequently introduced there and elsewhere; and 
wrought iron is now being very generally substituted 
for the cast. 

Why has it been proposed to transfer the power of fixed 
and cheap first movers to locomotive carriages, fyc. travel- 
ling on common turnpike roads J 

Because the power of a steam-engine, moving with 
the locomotive carriage, is very expensive when com- 
pared to an equal power obtained by a large ordinary 
fixed engine, a wind or water mill, or other common 
first mover. Mr. Fordham, the originator of this plan, 
proposes to condense air into cylinders, and then to 
use this condensed air as the motive force. 

Why has the application of steam to land^ carnagu 
been so long a favourite project with motto 
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Because the transition from the one element to the 
other appears, at first view, to be so simple and easy: 
the same mechanical process which turns the paddle 
wheels of a vessel in the water, would seem quite ade- 
quate to impart a similar motion to the wheels of a 
carriage on land. So early as the year 1769, Mr. 
Watt mentions the practicability of applying it to 
domestic improvement, though it does not appear that 
Watt gave motion to a carriage. Symington, who 
claims the original invention of the steam-boat, had 
previously contrived a similar application for the im- 
pelling of carriages; and actually exhibited, in the 
year 1787, .in Edinburgh, the first model of a steam- 
carriage that was perhaps ever seen. Hence we may 
conclude that the repeated failures in the plan have 
not been occasioned so much by the want of practical 
skill, as by some radical difficulty which had not been 
sufficiently adverted to. 

The steepest inclined planes which, as far as we are 
aware, locomotive engines have attempted to surmount, 
are those on the Bolton and Leigh railway, in Lan- 
cashire. One of these planes is a mile and a half 
long, and rises one yard in thirty. Up the former of 
these the Sans PareU engine ascended, drawing after 
her her tender carriage with coal and water, two 
waggons loaded with iron, and a carriage with passen- 
gers, making a gross weight drawn, of about fifteen 
tons ; with which she moved at the rate of nine miles 
per hour. Up the steepest plane (rising 1 yard in 30) 
she drew her tender, and one carriage with passengers, 
the gross weight being about four tons fifteen cwt, 
with which she ascended at a speed of from nine to 
eleven miles per hour; each of these performances 
being equal to about sixty-five tons drawn on a level 
— Note to Quarterly Review. 

Why was the difficulty just adverted to greater in the 
land carriage than in the boat? 
Because of the resistance to the progress of the 
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carriage by the inequalities and other obstructions on 
the roads. It is not here as in navigation, where the 
most enormous weights are buoyed up by the liquid 
element, without increasing, in the same degree, the 
resistance to the vessel. Every additional load to a 
land carriage creates an additional resistance, arising 
.from inertia, friction, and other such impediments, 
exactly in proportion to its weight — Quarterly Review, 

Why does the progress of locomotive engines on rail- 
roads appear so extraordinary ? 

Because we Compare then* moving power and resist- 
ance with other moving powers and resistances to 
which our minds have been familiar. To the power 
of a steam-engine, in fact, there is no practical limit ; 
the size of the machine and the strength of the ma- 
terials excepted. This is compared with agents to 
whose powers nature has not only imposed a limit, 
but a narrow one. The strength of animals, as just 
shown, is circumscribed, and their power of speed 
still more so. 

Why are railways usually laid down in double 
lines f 

Because carriages, moving in opposite directions, 
may pass each other without interfering. In the same 
manner, a third or fourth, or more lines, may be laid 
down, if necessary ; and, between them are commu- 
nications, at intervals, by which any carriage overta- 
king another in the same track, may turn aside to one of 
the adjacent lines, and pass it, without stopping either. 

The Chevalier Baader, of Munich, has contrived a 
plan for this purpose, so that no siding planes nor 
turning plates are necessary ; and turning can be per- 
formed almost as quickly and as easily as upon a 
common turnpike road. He has also constructed 
waggons, so that upon a dead level, the power of one 
horse is sufficient to draw with ease, and at a good 
pace, a load of from twelve to fourteen tons, when 
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divided amongst several carriages linked together. 
The Chevalier also states that he has discovered a 
new principle, by which the power and motion of 
stationary steam-engines, and other machines, estab- 
lished at considerable distances apart, along the rail- 
roads, and working without interruption, can be im- 
parted to any number of loaded carriages passing 
upon the railway, from one steam-engine or machine 
to another, without the employment of drag-ropes or 
chains, or, indeed, of any intermediate apparatus; 
and yet with any reasonable degree of velocity. These 
extraordinary statements are made in the Franklin 
Journal, 1830. 

Why are the resistances which occur on a railway 
rather diminished than increased by velocity ofmotuml 

Because the quicker we move along, there is the 
less time for the retarding force to operate ; by in- 
creasing the rapidity, we escape, in some degree, from 
its influence, and may really be urged forward with a 
smaller amount of force, provided the macliinery be 
adapted to so quick a rate of motion. — Quarterly Review, 

Why has a tubular boiler, or one composed of welded 
iron pipes, been adopted by Mr. Gurney, in his steam 
carriage ? 

Because, even from the bursting of such a boiler, 
there is not the most distant chance of mischief to the 

1>assengers. Instead of being, as in ordinary cases, a 
arge vessel closed on all sides, with the exception of 
the valves and steam conductors, which a high pre»* 
sure or accidental defect may burst, Mr. Gurney^ 
boiler consists of a horse-shoe of pipes, and the space 
between them is the furnace ; the whole being enclo- 
sed with sheet-iron. The only possible accident would 
therefore be the bursting of one of these pipes, and a 
temporary diminution of the steam power, according 
to the proportion the pipe bears to the whole boiler. 

Why were two steam cylinders introduced instead if 
one, in the early locomotive engines 2 
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Because, by acting at different parts of the wheels, 
they produced a much more regular motion than for- 
merly, and rendered unnecessary a fly-wheel, which 
had hitherto been used. 

Why were the early engines so injurious to the 
railway 9 

Because of their enormous weight, amounting to six 
or eight tons, exclusive of the tender for water and fuel. 
The Rocket, lately constructed by Messrs. Stephenson 
and Co. of Newcastle-upon Tyne, weights only four 
tons five cwt.; and the Novelty, by Messrs. Braith- 
waite and Ericson, weighed but two tons fifteen cwt. 

Why is a low chimney desirable, as in the Novelty 
engine ? 

Because it enables the proprietors of the railway 
to reduce the height of all the bridges under which 
the engines must pass, in crossing any of the public 
as well as private roads. It will admit of a deduction 
of seven or eight feet from the height of the mason- 
work in every such bridge. What a saving, then, must 
this produce in the original cost of a railway, through 
a cultivated country, where these bridges must fre- 
quently occur. — Quarterly Review. 

Why is it no longer necessaryjo lay out railways on a 
perfect level? 

Because engines have already been made to draw 
carriages up inclined planes rising one yard in thirty, 
and one yard in seventy-two, at the rate of from nine 
to eleven miles an hour. Hence, we are enabled to 
vary the levels, and adapt them to the undulating 
nature of the country through which the line passes. 

Why are steam carriages for the conveyance ofgoods y 
expected to improve the internal intercourse of this coun- 
try in a very important degree ? 

Because it is calculated that the carriage of goods, 
which is now about 9rf. or lOrf. a ton per mile, by 
land, would thus be reduced to 2d, ; and, in point of 
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speed, one day would do the work of four. ' The 
heaviest commodities, such as corn, potatoes, coals, 
&c. would bear the expense of carriage for a hundred 
miles; the expense of living in great towns would be 
reduced, and the price of raw produce would rise in 
remote parts of the country. 

Again, " with so great a facility and celerity of com- 
munication, the provincial towns of an empire would 
become so many suburbs of the metropolis, or rather, 
the effect would be similar to that of collecting the 
whole inhabitants into one city." — Scotsman JWuo- 
paper. 

Another great source of revenue and of trade, from 
this improved mode of intercourse, (observes the Quar- 
terly Revieto) would arise from the conveyance of 
those fine goods, parcels of value, and all light articles, 
where speed and certainty are required ; and which 
are now sent, at great expense, by coaches. In this 
manner the seats of the various finer and lighter 
manufactures would be brought almost into immedi- 
ate contact with the great markets for their disposal. 
A merchant in London, on receiving any particular 
order, might send either to Nottingham, to Birming- 
ham, or to Sheffield, or even to Manchester or Leeds, 
and have the goods in nis shop the next or following 
day, at an expense not exceeding Is. 6d. or 2*. 

Lastly, the rapid circulation of intelligence. The 
mails might travel safely at 25 miles an hour, and 
letters be conveyed between London and Edinburgh, 
a distance of 400 miles, in 18 hours ; so that an event 
happening in London, would be known in Edinburgh 
the same day. 

As an example of the difficulties of internal naviga- 
tion, before the introduction of steam for that purpose, 
it may be mentioned that, on the great river Mississip- 
pi, which flows at the rate of five or she miles an hour, 
it was the practice of the boatmen, who brought 
down the produce of the interior to New Orleans, to 
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break up their boats, sell the timber, and afterwards 
return home slowly by land ; and a voyage up the river 
from New Orleans to Pittsburgh, a distance of about 
two thousand miles, could hardly be accomplished, 
with the most laborious efforts, within a period of four 
months. This voyage is now made by steam-boats, 
with ease, in 15 or 20 days ; and at the rate of not less 
than five miles an hour. 

Why would steam be advantageous for propelling 
ploughs and other agricultural implements ? 

Because, independently of the saving of horses and 
their food, the farmer would never be obliged to work 
his soil, but when it was in a proper condition for that 
purpose. Mr. Loudon thinks that to apply steam suc- 
cessfully to agriculture, the engineer ought not to seek 
for a new implement, but simply for a convenient loco- 
motive power for propelling the implements already in 
use, modified so as to suit the new impelling power. 

Why are the locomotive engines so advantageous for 
the conveyance of passengers? 

Because they admit a rate of speed that would be en • 
tirely inconsistent with safety, even although it were 
practicable to attain it with animal power. It would 
be still imprudent, however, to adopt the utmost rate 
of thirty miles, because such an unusual rate of velo- 
city, surpassing that of the swiftest horse, would be 
alarming, if it were not dangerous. At the rate of 
twenty miles an hour, however, it might be perfectly 
practicable to travel with the utmost safety and com- 
fort. The economy of the plan may be illustrated as 
follows : — Between Liverpool and Manchester, we may 
safely estimate the number of passengers every day at 
400 each way, and the average fare to be about seven 
shillings each ; the daily expenditure will amount, in 
this manner, to about 380/. By the use of steam- 
coaches, the fare* will be reduced to two-shillings 
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and sixpence, and would thus amount only to 10W. 
per dav, making a it:ilJv saving of 1*0?., or upwards of 
WfiW't. per annum. 

The oxpenwof the Liverpool and Mime I leste-r Rail- 
way, iB now estimated w upwards of 20,000i. for each 
mile ; the wlinli' cost. amnuniing to 62(1,000/. 

The rails used on tin ■ Livcrpo"! and Manchester road 
ore made of Ibrgi'd iron, in lengths of tivo yards each, 
imd weigh thirty-rive pounds per yard. Lvery three 
feet (derails rest on hloid.sof stono, lit into llie ground, 
containing each nearly four cubic feet Into each 
block, two holes, si\ inches doop, ami < • inch in dia- 
meter, are drilled ; into these are driven Ouk plugs, 
and the cast-iron chains <ir pedestals, into which the 
rails lire inimrdiavlv lilti-il. are (irmly .spiked down to 
the pings, forming si slrnrtitre of gnat solidity and 
strength. The double lines of rails for the carriages, 
are laid down with niarlioioati.-al correctness, and con- 
sist of four cipii-'tistnnt rails, four feet eight inches 
npnrt, nliont two inches in breadth, and rising about 
an iuch above the surface. In the formation of the 
railway, there liave been dug mil of the dift'erent ei- 
cavations, upwards of three millions of cubic, yards of 
stone, clay, and soil. 



Why it heal so important in tin: production of mechan- 
ical agents 1 

Because bodies, whether liquid, solid, or leriform, 
exert a certain degree of meehnnienl force, in the pro- 
cess of enlarging tlieir <linionsjons, on receiving OH 
aeeession of lual : anil any obstacle winch opposes ibis 
enlargement, sustains an equivalent pressure. Thi* 
force is frequently used a.-s a mechanical ngnui, and has 
this to recommend it, that it may be produced to al- 
most any degree of intensity, without the expenditure 
of any other mechanical ibrce in its production 
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It is not requisite to enter theoretically into the pro- 
duction of heat, since the subject has already been 
popularly illustrated in the present work.* 

Why is the steam-engine much more intelligible than 
its name first suggests ? 

Because it is in fact only a pump, in which the fluid 
is made to impel the piston, instead of being impelled 
by it, that. is to say, in which the fluid acts as the 
power, instead of being the resistance. It may be de- 
scribed simply as a strong barrel or cylinder, with a 
closely filled piston in it, which is driven up and down 
by steam, admitted alternately above and below from a 
suitable boiler ; while the end of the piston-rod, at 
which the whole force may be considered as concen- 
trated, is connected in any convenient way with the 
work that is to be performed. The power of the engine 
is of course proportioned to the size or area of the pis- 
ton, on which the steam acts with a force, according to 
the density, of from 15 to 100 or more pounds to each 
square inch. In some of the Cornish mines, there are 
cylinders and pistons of more than 90 inches in dia- 
meter, on which the pressure of the steam equals the 
efforts of 600 horses.— -ArnoU. 

The steam-engines in England represent the power 
of 320,000 horses, equal to 1,920,000 men, and being, 
in fact, managed by only 36,000 men, add conse- 
quently to the power of our population, 1,884,000 men. 

The cost of a steam-engine varies according to its 
power. The smaller cost nearly 100Z., for each horse 
power, the largest not quite 400/. The consumption 
of coal is rated at one bushel, or $4 pounds per hour, 
for an engine often-horse power ; the quantity is some- 
what less in proportion in engines of great power. 

Why is there a large vibrating beam in the sieam-en- 
gine? 

Because, one end being connected with the piston- 

- 

* See Part V., Chemistry.— Heat, p. 21 to 35. 
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rod, is pulled down, while the power of the engine is 
applied at the other end to any mechanical purpose. 
Thus, when connected with immense water-pumps, it 
causes almost a river of water to gush out from the 
bowels of the earth. 

Why are the improved paddle-wheels of steam-boats 
made to enter the water sideways ? 

Because they give the propelling stroke direct, 
whereas the ordinary wheels press the broad face of 
their paddles on the surface of the water, and thus 
increase the resistance. 

Why are steam-engines of such important rut in 
mining ? 

Because they speedily raise the water which breaks 
in on the miners. • 

The practical adaptation of the steam-engine to me- 
chanical purposes, is considered by Mr. Davies Gilbert 
as due to Mr. Newcomen, whose inquiries were in- 
troduced into Cornwall very early in die last century, 
and soon superseded the rude machinery which had, 
till then, been employed for raising water from mines, 
by the labour of men and horses. 

The various applications of steam-power would oc- 
cupy many pages : if we except its adaptation to the 
motion of carriages, perhaps few of its effects are more 
astounding than in the manufacture of iron. Thus, 
there are factories where this resistless power is seen, 
with its mechanic claws, seizing masses of iron, and 
in a few minutes delivering them out again pressed 
into thin sheets, or cut into bars and ribands, as if the 
iron had become soft, like clay in the hands of the 
potter. 

The annual product of the foundries of Messrs. 
Crawshay and Co. in Glamorganshire, is 11,000 tons 
weight of pig-iron, and 12,000 tons of iron in bars. 
A steam-engine of the power of 50 horses, and a water- 
wheel of 50 feet diameter, work the cylindrical blow- 
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ing-machines, which are indispensably necessary in 
the use of coke, and the other machinery of the works. 
This enormous water-wheel is kept in motion by the 
pressure of 25 tons of water per minute. The es- 
tablishment employs from 1,500 to 2,000 workmen, 
formingjwith their families, a population of 4,000 per- 
sons. The sum total of their wages amounts annually 
to from 70,000J. to 80,000Z. 

Such has been the progressive improvement in the 
steam-engine, that in 1829, the best engine in Corn- 
wall did ten times the work of any engine in 1778 ; or 
.each bushel of coals raised 20,000 gallons of water. 

M. Dupin estimates the steam-engines of France 
equivalent to the power of 480,000 workmen turning 
a winch ; and it is calculated by the same writer, that 
Great Britain possesses, in steam-engines alone, a 
moving power equivalent to that of 6,400,000 men 
employed at the windlass. 

Why do high pressure differ from low pressure en- 
gines 7 

Because, in high pressure engines the steam is not 
condensed; but after having acted on the piston, is 
allowed to blow off into the air; whereas, in low 
pressure engines it passes into a separate vessel, where 
it is condensed ; on which account, and for other rea- 
sons, low pressure engines do not suit a rail-road. 
High pressure engines occupy less room, require less 
fuel than low pressure engines, and their power can 
be increased on emergencies, by merely increasing the 
fire ; but the risk of damage from explosion is con- 
siderable. Their principal purpose is to save water, 
but this is always abundant in navigation. 

The principle of high pressure steam-engines de- 
pends on the power of steam to expand itself, 5, 10, 20, 
30, 40, &c. times beyond its original bulk, by the 
addition of a given portion of heat, which is effected 
by increasing the pressure. 

o3 




T *noVr mean presort, at the 
'ZYZ'. ftbe boiling point, the balk oc seam. * 13* 
time* that of water ; or, as a ready ra*» ir aurjiav- 
tioo, * cubic loch of water produces aonox & rjme 
foot of steam. The latent heat of steam. » jcrzoe it3I u . 

Why u Ikvmts Pnemmatie Emgme * 
enrmtl 

IkcBUMe its principle is a very sodden 
and eoodensation, not of the gases used in tae *m 
tion, hut of the small quantity of water formed byse 
combustion of the hydrogen, with the oxygen or :ae 
atmospheric air, admitted into the cylinder ax *twt 
stroke of the engine. The difference between this and 
a steam engine is, that the elastic and condensable 
fluid is generated at a higher temperature from mate- 
rials admitted into the cylinder hsel£ The extent of 
the vacuum produced must depend on die. tempera- 
ture at which the combustion takes placer— JNsfcs is 
Science 

Why is the explosive engine so called 7 

Because it is set in motion by the explosion of oil 
gas and atmospheric air, the mechanical force of the 
explosion being employed to drive the machinery. 
Percussion powder, and other substances that explode 
by contact, may eventually be employed for the same 
purpose. 

RECENT INVENTIONS AND IMPROVEMENTS. 

Why is the printing-press invented by Lord Stanhope, 
so superior to the wooden press, or that previously in use f 

Because the Stanhope press is composed entirely of 
iron ; the tabic on which the types rest, and the plat- 
ten (or surface which gives the impression) are made 
fM3rfoctly level ; a beautiful combination of levers is 
added, to give motion to the screw, causing the platten 
to descend with increasing rapidity, and consequently 
with increasing force, till it reaches the type, when a 
very groat power is obtained. There have been, per- 
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haps, twenty contrivances for obtaining the same effect ; 
but, as a press, Lord Stanhope's invention has not been 
surpassed. Still, it is only a press, and in point of 
expedition has little superiority over its wooden rival, 
producing 250 impressions per hour. 

It is a remarkable fact, that from the invention of 
printing to .the year 1798, a period of nearly three 
hundred years, no improvement had been introduced 
into this important art.* 

A mere outline of the improvements from this period 
would occupy many pages. The great triumph in the 
art has, however, been the substitution of cylindrical 
machinery for 'the screw-press. The suggestion of this 
improvement belongs to Mr. W. Nicholson, but the two 
first working machines were erected by Mr. Koenig, 
for printing the Times newspaper, the reader of which 
was told, on Nov. 28, 1814, that he held in his hand 
a newspaper printed by machinery, and by the power 
of steam f 

In these machines the type was made to pass under 
the cylinder, on which was wrapped the sheet of paper, 
the paper being firmly held to the cylinder by means 
of tapes ; the ink was placed in a cylindrical box, from 
which it was forced by means of a powerful screw de- 
pressing a tightly-fitted piston ; thence it fell between 
two iron rollers ; below these were placed a number of 
other rollers, two of Which had, in addition to their 
rotatory motion, an end motion, i. e. a motion in the 
direction of their length ; the whole system of rollers 
terTLinated in two, which applied the ink to the types. 
In order to obtain a great number of impressions from 

* Mr. Buckingham saw in a convent on the mountains of Lebanon, 
a printing-press and Syriac types, from which the monks produce their 
church-books, quite equal to those at Rome. The press nearly resem- 
bled in shape the common printing-press used in England. It ii 
there considered a mystery, as " they had never yet had an European 
here, who had ever seen the mechanical operation of printing in Eu- 
rope." Other monks in the same convent were employed in wear* 
tag, masonry, carpentry, Ace. 
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tbeir seats ; while the scenery itself remains stationary, 
and the pictures therefore admit of an improved meth 
od of distributing light, by which they are illuminated, 
so as to produce the effects of a variable picture. 
This is performed by means of a number of trans- 
farent and movable blinds, some of which are placed 
Dehind the picture for the purpose of intercepting 
and changing the colour of the rays of light, which 
are permitted to pass through the semi-transparent 
parts of the picture. Similar blinds are also situated 
above and in front of the pictures, so as to be mova- 
ble by the aid of cords, and by that means to distribute 
or direct the rays of light which are permitted to fill 
upon the front of the scene. 

The extent of revolving motion given to the saloon, 
is an arc of about 73° ; and during the time that the 
audience is thus passing round, no person is permitted 
to go in or out The revolution of the saloon is effec- 
ted by means of a sector, or portion of a wheel, having 
teeth formed upon its edge ; these work in a series of 
wheels and pinions, so that one man placed at a winch 
is enabled to give motion to the whole. 

The space between the saloon and each of the two 
pictures is occupied on either side by a partition, form- 
ing a kind of avenue, proportioned in width to the 
size of the picture ; without such a precaution, the 
eye of the spectator being thirty or forty feet distant 
from the canvass, would, by any thing intervening, be 
estranged from the object. The views are eighty-six 
feet in length and forty-five feet in height. — Atlas. 
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INTRODUCTORY. 

Why have commerce and the aria on indirect influ- 
ence upon industry ? 

Because it signifies nothing as to the main purposes 
of trade, how superfluous the articles which it furnishes 
are ; — whether the want of them be real or imaginary : 
— whether it be founded in nature or in opinion, in 
fashion, habit, or emulation ; — it is enough that they 
be actually desired and sought after. Flourishing 
cities are raised and supported by trading in tobacco ; 
populous towns subsist by the manufactory of ribands. 
A watch may be a very unnecessary appendage to the 
dress of a peasant, yet u the peasant will till the ground 
in order to obtain the watch, the true design of trade 
is answered ; and the watchmaker, while he polishes 
the case, or flies the wheel of his machine, is con- 
tributing to the production of corn as effectually, 
though not so directly, as if he handled the spade or 
held the plough. Tobacco is an acknowledged super- 
fluity, and affords a remarkable instance of the caprice 
of human appetite ; yet, if the fisherman will ply his 
net, or the mariner fetch rice from other countries, in 
order to procure to himself this indulgence, the market 
is supplied with two important articles of provision, 
by the instrumentality of a merchandise which has no 
other apparent use man the gratification of a vitiated 
palate.* — Poley. 

* We should here remark however, that where false refinement, 
or a corrupted taste, engages that time and ingenuity of the laborer or 
the artist, which might otherwise have produced articles that con- 
tribute to rational enjoyment, it is an evident mim^pUeation of indus- 
try. 
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7r% ilfoet commerce at ite rant time 
Jet* variety of new productions, and " 
en (hose that are peculiar to eveiy 

Because it enables each separata 
themselves in preference in those departments in wnkk 
they enjoy some natural or acquired advantage, while 
it opens the markets of the world to their production* 
When the demand for a commodity is confined tot 
particular country, as soon as it is supplied, improve- 
ment is at a stand. The subdivision and comhjinatioi 
of employments are, in fact, always dependent upon, 
and regulated by, the extent of the market. Dr. Srakk 
has shown, that by making a proper distribution of 
labour among ten workmen, m a pin manufactory, 
48,000 pins might be produced in a day : and since 
his time the number has been nearly doubled. 

Before pins were manufactured in England, £GQflN 
annually is said to have been paid for them to for- 
eigners in the early years of Queen Elisabeth ; but, 
long before the end of her reign, they were manufae- 
uvea 1 in this country in great quantities. 

The subdivision of the mechanism of a watch. into 
150* branches has already been cursorily mentioned * 
The fifteen principal branches are : 1. The movement 
maker, who divides it into various branches ; vis. pillar- 
maker, stop stud-maker, frame-mounter, screw-maker, 
cock and potence-maker, verge-maker, pinion-maker, 
balance-wheel-maker, wheel-cutter, fusee-maker, and 
other small branches. 2. Dial-maker; who employs 
a copper-maker, an enameller, painter, &a 3. Case- 
maker; who makes the case to the frame, employs 
box-maker, outside case-maker, and jomt-fimahers. 
4. Pendant-maker; (both case and pendant are sent 
to the Goldsmiths' Hall to be marked.) 5. Secret* 
springer and spring-liner; the spring and liner are 
divided into other branches; viz. the spring-maker, 

* See Domestic Scisncs page 71. 
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button-maker, &c. 6. Cap-maker, who employs 
the springer, &c. 7. Jeweller, which comprises tne 
diamond-cutting, setting, making ruby-holes, &c. 
8. Motion-maker, and other branches, viz. slide-maker, 
edge-maker, and bolt-maker. 9. Spring-maker, (i. e. 
main-spring) consisting of wire-drawer, &c. ham- 
merer, polisher, and temperer. 10. Chain-maker; 
this Comprises several branches, wire-drawer, link- 
maker and rivetter, hook-maker, &c. 11. Engraver ; 
who also employs a piercer and name-cutter. 12. Fi- 
nisher, who employs a wheel and fusee-cutter, and 
other workers in smaller branches. 13. Gilder is di- 
vided into two, viz. gilder and brusher. 14. Glass 
and hands; the glass employs two, viz. blower and 
maker : hand-maker employs die-sinker, finisher, &c. 
15. Fitter-in, who overlooks the whole, fits hands on, 
&c. The above fifteen branches are subdivided again 
and again. 

The manufacture of watch-springs also affords an 
instance of an article raised in price from one half- 
penny to the amount of 35,000 guineas. Thus, a 
pound of crude iron costs one halfpenny ; it is con- 
verted into steel, that steel into watch-springs, every 
one of which is sold for half-a-guinea, and weighs 
only one-tenth of a grain. After deducting for waste, 
there are, in a pound weight, 7,000 grains ; it there- 
fore affords steel for 70,000 watch-springs, the value of 
which, at half-a-guinea each, is 35,000 guineas. 

Why may our cotton manufacture, be considered en- 
tirely the result of commerce ? 

Because, had cotton-wool been a native production, 
we could never have made such astonishing advances 
m the manufacture had we been denied access to 
foreign markets. Notwithstanding the splendid dis- 
coveries in the machinery, and the perfection to which 
every department of the trade has been brought, the 
vast extent of the market has prevented its being 
glutted ; and has stimulated our manufacturers in their 
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improvements. Our c oU o a m ills have been construct- 
ed, not that they might supply the limited demand of 
Great Britain, but that they might supply the demand 
of the whole world. The subdivision of labour, and 
the scope given to the employment of machinery, by 
the unlimited extent of the market, has reduced the 
price of cottons to less, probably, than a fourth part of 
what it would have been, had they met with no outlet 
in foreign countries.* The hardware, woollen, leather, 
end other manufactures, exhibit similar results. 

JThy is steam said to add to the power of our pop* 
tation? 

Because the steam-engines in England represent 
the power of 320,000 horses, equal to 1,920,000 men; 
and being in fact managed by only 36,000 men, they 
consequently add to the power of our population 
1,884,000 men. 

Steam navigation, a powerful aid to our commercial 
prosperity, has been thus eloquently illustrated by one 
of the most accomplished orators of our times. Steam- 
boats — " these new and wonderful machines walk the 
water, like a giant rejoicing in his course ; stemming 
alike the tempest and the tide; accelerating inter- 
course; shortening distances; creating, as it were, 
unexpected neighbourhoods, and new combinations of 
social and commercial relations; and giving to the 
fickleness of winds and the faithlessness of waves, the 
certainty and steadiness of a highway upon the land." 
->-Cannin$r 's Speeches at Liverpool. 

According to M. Dupin, the human force of Great 
Britain employed in commerce and manufactures, is 

* The price of calico 55 years since has been found thus registered 
in a bible, in the possession of a family near Blackburn : — " 15 Sep- 
tember, 1776. Thomas Dixbury, of Rishton, near Blackburn, sold to 
Messrs. Peels, Yates, and Co. Church Bank, two common fine calico 
pieces for 5i. 9*. &L These were the first calico pieces ever manufac- 
tured in this kingdom." Pieces of the same description are now sold 
for 5*. 64. or 6*. each.— Mechanics Magazine. 
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equivalent to 4,264,000,893- effective men; to this 
power there must also be added the power of 250,000 
animals, employed in divers works of industry. These 
will raise the animate force of England and Scotland 
to 6,014,893 ; to which there must be superadded the 
approximating value of 1,260,604 effective men for 
Ireland: so that the commercial and manufacturing 
animate power of the United Kingdom must be com- 
puted at 7,275,497 labouring men. To this must be 
added the force supplied by water, wind, and steam : 
thus :— 

Men power. 

Animate Force 7,275,497 

Mills and Hydraulic Engines - • 1,200,000 
Windmills ------ 240,000 

Wind and Navigation - 12,000,000 

Steam Engines - - - - - 6,400,000 

total Force - 27,115,497 

Ireland- - 1,002,667 

Total * - 28,118,164 

In comparison with France, M. Dupin estimates 
these numbers as follows: — The total of the inani- 
mate force applied to the arts, of all descriptions, in 
France, scarcely exceeds the fourth of the same power 
applied to the same purposes in Great Britain ; and 
the whole animate and inanimate power of Great 
Britain, applied to manufactures and commerce, is 
nearly triple the amount of that so applied in France. 

Jfhy is foreign trade so beneficial to each party en- 
gaged in it ? 

Because each enjoys the peculiar advantages of the 
respective countries. Thus, when we send cloth or 
hardware to Portugal for wine, or to Brazil for sugar, 
we give what is as valuable as that which we receive ; 
and yet both parties gain largely by the transaction ; 
for we get the wine and sugar for what it took to 
produce them in countries that are peculiarly fitted 
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for their growth ; and the foreigners are supplied with 
cloth and hardware for what those productions cost in 
a country where manufacturing industry has been car- 
ried to the highest pitch of improvement. 

M. Say, in his JEconomie Politique Pratique, tins 
forcibly illustrates the effects of prohibition in trade. 
During the reign of Napoleon, yessels were despatched 
from London, freighted with sugary coffee, tobacco, 
cotton-twist, for Salonica, (Macedonia) whence these 
articles of merchandise were carried by beasts of bur- 
den, by the way of Servia and Hungary, to Germany 
and France; so that an article consumed at Calais, 
would come from England, only twenty miles distant, 
by a route which, in point of expense, would be equi- 
valent to a voyage twice round the globe. 

Again, the history of our own times affords many 
striking instances of the prohibitory effects of war upon 
national industry. In France, the ravages made by 
the wars of the revolution and of the empire upon her 
population and wealth, have been estimated, according 
to M. Dupin, at two millions of men, and 600 millions 
of English money. Every succeeding year of peace, 
from 1815 to 1830, has, however, healed these severe 
wounds ; private losses have been indemnified ; houses 
and factories have been rebuilt ; the cattle and live 
stock become more numerous than before the war, and 
the population increased, in thirteen years, by two 
millions and a half of inhabitants. As an example of 
the beneficial effects upon manufacturing industry ; it 
is only since the reestablishment of their intercourse 
with England, that the French have begun to use pit- 
coal in their furnaces, and to substitute the instrument 
called a flattener, or laminoir, for the hammer, in 
beating iron into plates. 

Why are certain natural advantages in a country pre- 
judicial to its progress in the arts 7 

Because, provided the mildness of the climate ren- 
ders clothing and lodging of little 'importance, and the 
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earth spontaneously pours forth an abundant supply 
of fruits, the inhabitants are immersed in sloth, and 
seem to place their highest enjoyment in being free 
from occupation. Sir William Temple, Mr. Hume, 
and some other sagacious inquirers into the progress 
of society, have been struck with this circumstance, 
and have justly remarked that those nations that have 
laboured under the greatest natural disadvantages, 
have made the most rapid advances in industry. A 
striking illustration of the above fact follows. 

Why has the improvement of the natives of South 
America been so tardy ? 

Because of the extraordinary abundance of animal 
food, and the equal fertility of the country, where the 
finest fruits grow spontaneously, and only require to 
be gathered. Thus, the South Americans are neither 
a pastoral nor an agricultural people ; and, surrounded 
by partial civilisation, they remain without any ex- 
citement to labour, which alone could improve their 
moral and physical condition. Humboldt has thus 
beautifully described the state of primitive rudeneJs 
in which many of the tribes of South America remain: 
u When we attentively examine this wild part of Ame- 
rica, we appear to be carried back to the first ages, 
when the earth was peopled step by step ; we seem to 
assist at the birth .of human societies. In the Old 
World we behold the pastoral life prepare a people of 
huntsmen for the agricultural life. In the New World 
we look in vain for these progressive developements of 
civilisation — these moments of repose — these resting- 
places in the life of a people. The luxury of vege- 
tation embarrasses the Indian in the chase. As the 
rivers are like arms of the sea, the depth of the water, 
for many months, prevents their fishing. Those species 
of ruminating animals, which constitute the riches of 
the people of the Old World, are wanting in the New. 
The bison and the musk-ox have not yet been reduced 
to the domestic state ; the enormous multiplication of 
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the lama and the guanaco hare not fuA a e ed u fe 
natives habits of pastoral fife." 

Why has the coin of a k in g do m been emmqmrtdhh 

highway* through it f 

Because neither of them produce any thing; oafef 
contrary, they are both to be kept in repair ata ceraa 
expense; but they greatly facilitate the conrefM 
from one place to another, of whatever the land po- 
duces by agriculture, or what active capital prodaetf 
by manufactures and commerce. Such is the ideaof 
l)r. Adam Smith, who also compares paper-money to 
a wagon-way through the air. 

Why are we indebted to the ignorance and badgova* 
mtnt of our ancestors for our present comparative fidr 
lily of procuring subsistence ? 

Because, hod it been otherwise, the population that 
would have accumulated since the reign of William 
the Conqueror, must have overflowed, like the swum* 
ing of the northern hives during the fall of the Roman 
4imi>iro. An entertaining writer says : " If all the Turb 
aim Egyptians that ore to die next year of the plagoe, 
wore to Im3 devoured during the present by crocodiles, 
a certain quantity of food would be gained, and things 
go on just as before. The Roman empire, and the 
world generally, would have been equally populous 
and prosperous, if the Huns and Ostrogoths had eaten 
each other, instead of strewing their bones and those 
of their antagonists through the wilds of Dacia and 
along the Imnks of the Danube.' 9 

Why is it an error to consider Apothecaries' profits 
uncommonly extravagant ? 

Because this great apparent profit is frequently no 
more than the wages of labour. The skill of an apo- 
thecary is a much nicer and more delicate matter than 
that ot any artificer whatever ; and the trust which is 
reposed in him, is of much greater importance. He is 
the physician of the poor in all cases, and of the rich, 
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where the distress or danger is not very great. IBs 
reward, therefore, ought to be suitable to his skill and 
ids trust, and it arises generally from the price at which 
he sells his drugs. But the whole drugs which the 
J>est employed apothecary in a large market-town will 
■ell in a year, may not, perhaps, cost him above thirty 
or forty pounds. Though he should sell them, there-. 
fbre, for three or four hundred, or at a thousand per 
cent, profit, this may frequently be no more than the 
reasonable wages of his labour, charged, in the only 
way in which he can charge them, upon the price of 
his drugs : the greater part of the apparent profit is 
real wages disguised in the garb of profit — Dr. Adam 
Smith's Wealth of Nations. 

WEIGHTS AND MEASURES. 

Why do we use the grain weight 9 

Because all weights and measures in England were 
originally derived from a grain of wheat: vide statute's 
51 Hen. III. 31 Ed. I. 12 Hen. VII. which enacted 
that 32 of them, well dried and gathered from the 
middle of the ear, were to make one penny- weight ; 
but it was subsequently thought better to divide the 
dwt. into twenty-four equal parts, called grains. AH 
measures of capacity, both liquid and dry, were at first 
taken from troy-weight ; and laws were passed in the 
reign of Henry III. enacting that 81b. troy of wheat 
taken from the middle of the ear, and well dried, 
should make one gallon of wine measure. Weights 
and measures were invented 869, B. C. ; fixed to a 
standard in England, 1257 ; regulated, 1492 ; equal- 
ized, 1826. 

Why has the pendulum oeen resorted to in regulating 
modern weights and measures ? 

Because it has enabled us practically to carry into 
effect the idea of seeking for a unit of measure in some 
unchangeable natural object ; the great law of the pen- 
dulum being, that its oscillations are always performed 
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ji iii» *kh« izj*. Tin <QLii5sri§ thai bare been 
•jHjLiy ^pr.i;!-.!^! 5;,r i>7 hit:^ j^srjose, have beei 
*.r.iH iJjr: :r ;ilt: :c" "_i»t rsbinz.: ->f :i« meridian, or 
zir. j-n^i :c' l :eci: ._-j^l v "*■»■■»-" - y seconds in some 
cr^c jizltj:^. Tirr \zzxs is& s&cn in so tar adopted 
jsr-: "^j* rri«r".f ?7=r.fCk ■?:" "w-^izais Hid measures, 
*Kt:iitfii«-i*i -.7 -jj~ \.r. ;:" P&r'OTreni of 1824, th?t the 
jrutj. it" ^~ saziiaj*; Tiri. is 04G&SK&red with that of 
1 ;»:'iji— "-^l ~ • ■-» ~~ 1 =fci?:i«I* ir. ste latitude of Lon- 
i:c. ->« ir: , :.-:Tr_Li*r»i v. :.■* La :i* proportion of 36 inches 
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Tie !•=- i-Jur.. a« a tim^-keeper. has been men- 
z.-.zr:*i .L ai-:-t::-:r pirdcn of the present work.* 

Wv. a—: tv />:■{- >^i Ar. ««</ of measures f 
Br»?i-.^ -j_* e&rii-r?; s^mdard* seem to have been for 
m l* :. r .ors pan derived from portions of the human body: 
as the cubi:. or tirr lenarth of the arm from the elbow 
to tLe tip of the mid'ile nnger ; the toot ; the ulna, 
aim. or yard : the span : the digit, or finger ; the fit- 
thorn, or space from the extremity of the one hand to 
the extremity of the other, when they are both extended 
in opposite directions ; the pare, &c. These were not, 
however, fxtd standards, as the size of the different 
parts of the human body differ in different individuals: 
hence it became necessary to select some durable arti- 
cle, a metallic rod, for example, of the length of an 
average foot, cubit, &c. and to make it the standard 
with which all the other feet, cubits, &c. used in men- 
suration, should correspond. These standards have 
been preserved with the greatest care ; at Rome they 
were kept in the temple of Jupiter ; and among the 
Jews, their custody was entrusted to the family of 
Aaron. 

This standard has been maintained without any sen- 
sible variation. In 1742, the Royal Society had a yard 
made, from a very careful comparison of the standard 

* Sec Mechanics, p. 14-15. 
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ells or yards of the reigns of Henry VII. and Elizabeth, 
kept at the Exchequer. In 1758, an exact copy was 
made of the Royal Society's yard ; and this copy hav- 
ing been examined by a Committee of the House of 
Commons, and reported by them to be equal to the 
standard yard, it was marked as such: this identi- 
cal yard is declared, by the Act 5 Geo. IV. cap. 74, to 
be the standard of lineal measure in Great Britain. 

Without entering into standards of an abstract kind, 
we may here observe, that " a real material measure 
must be constructed, and exact copies of it taken. The 
great difficulty is, however, to preserve it unaltered 
from age to age ; for unless we transmit to posterity the 
units of our measurements, such as toe have ourselves 
used them, we, in fact, only half bequeath to them our 
observations." Mr. J. F. Herschel thinks this point 
much neglected, and suggests that " accurate and per- 
fectly authentic copies of the yard and pound, executed 
an platinum, and hermetically sealed in glass, should be 
deposited deep in the interior of the massive stone- work 
of some great public building, whence they could only 
be rescued with a degree of difficulty sufficient to pre- 
clude their being disturbed, unless on some very high 
and urgent occasion. The fact should be publicly re- 
corded, and its memory preserved by an inscription. 
Indeed, how much valuable and useful information of 
the actual existing state of arts and knowledge at any 
period might be transmitted to posterity in a distinct 
form, if, instead of the absurd and useless deposition 
of a few coins and medals under the foundations of 
buildings, specimens of ingenious implements, or con- 
densed statements of scientific truths, or processes in 
arts and manufactures were substituted." 

MONET. 

Why is Ihe term standard used$ 

Because it may designate the purity and weight of 
coins; that is, the fineness of the metal of which they 
are made, and the quantity of it contained ib them. 

PART. X. C 
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Money was coined in the Temple of Juno Mo 
wiicnc-e our English word money, mid the; monetary 
politico! economists. 

A pound troy, or l'i ui. of the mini] of w liich En- 
glish silver r<:iit'i.'>iiri.'iii:ul i', I'i'iiitnina 1J oz.2dwts. pure 






(iti shillings, so that I'iieli shilling contains P(!.7'J7 grain- 
of line silver, mid 87 .'i7 (grains of standard silver; and 
llie monr.i/ pnuwi, consisting of "JO shillings, contains 
Hill. ."ilo grains Miuidnrd silver. From ItiOO down 
to 1816, the pound weight of standard silver bulliua 
was coined inlu Gi shillings. 

The fineness of gold it estimated liy carat grains 

Suivalemto2i dwts. troy; gold, of the highest degree 
fineness, or pure, lieing said to ho 24 carats fine. 
The purity of our present gold coius ia 11 parts fine 
gold, and 1 part allov. The snveri'iL'n, or "JO shilling 
piece, contains 113.001 grains fine gold, and 133.271 
grains standard gold. Tin: pound troy of standard 
ii'il'l in I'liiin.'d into lii sovereign si and f! L ,tliu of a sove- 
reigii, or into 461. 14j. 6U The mint or standard price 
of gold, is, therefore, said to lie 401. 1 ts. tW, per lb. troy, 
or 31. 17*. lOirf. an ounce. 

Why has not the standard been preserved inviotatel 

Because of the necessities of governments, and the 
unfounded notion, so generally diffused, that coins de- 
rived their value rather from the coinage than from ilia 
quantity of metnl contained in them. Coins have 
been less enfeebled in England than in any other 
country; but even here the quantity of silver in a 
pound sterling, is less tliati the third pan of u pound 
weight, the quantity it contained in 1300. 

ffhy is money caUed sterling? 

Because in the time of Richard I., money coined ia 
the east part of Germany, came in special request in 
England, on account of its purity, and was called 
Easterling Money, as all the inhabitants of those parts. 
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were called Easterungs : and soon after some of theae 
people, skilled in coining, were sent for to London, to 
bring the coin to perfection, which was soon called 
Sterling, from Easteriing. 

Money ? ap a medium of commerce, is first mentioned 
in Geneaab chap xxiiL, when Abraham purchased a 
field as a sepulchre for Sarah, in the rear of the world, 
2139 : money was first made at Argot, 694 years B.C. ; 
has increased eighteen times in value from 1290 to 
1530 ; and twelve times in value from 1530 to 1769. 
Silver has increased thirty times its value since the 
Norman Conquest : viz. a pound in that age was three 
times the quantity it is at present, and ten times its 
value in purchasing any commodity. 

Why is money also coiled coin and cash? 

Because coin {cuna pteunia,) from the French coign, 
i. e. angulvs, a corner, whence it is supposed that the 
most ancient coin was square. Cash is from the French 
term caisse, i.e. chest or coffin, for the keeping of monev. 

The coining-press was introduced ioto England In 
1562 ; and machinery for coining by Boulton and Watt, 
at Soho*near Birmingham, about the year 1600. The 
coining- press of the fioval Mint has already been no- 
ticed.* 

Why is fherc alloy in coins t 

Because it may save the trouble and expense that 
would be incurred in refining the metals to their high- 
est degree of purity ; and because, when its quantity is 
Small, it renders the coins harder, and less liable to be 
Worn or rubbed. 

Why is there a cross and pile side of a coin 7 

Because Constantine, with religious zeal, put a cross 
in place of the beast (to be explained) ; ana in the old 
Gaulish language, a ship was called pile : hence also 
the game ofcross and pile, and the word pilot. 

* Bee MxcHAincf, p. 87. 
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Why is not ike value of money the same in all coun- 
tries? 

Because the use of coined money does not change 
the principle on which exchanges were conducted pre- 
viously to its introduction. The coinage saves the trou- 
ble of weighing and assaying gold and silver, but it 
does nothing more. It declares the weight and purity 
of metal in a coin ; but the value of that metal or coin 
is, in all cases, determined by those principles which 
determine the value of other things, and would be as 
little affected by being recoined with a new denomina- 
tion, as the burden of a ship by a change of name. 
Money is, indeed, as much a commodity, as bars of 
iron or copper, sacks of wheat, &c. 

Jfhy do we use the term a pound ? 

Because, originally, the coins of all countries seem 
to have had the same denomination as the weights 
commonly used in them, and contained the exact 
quantity of the precious metals indicated by their names. 
Thus, the talent was a weight used in the earliest pe- 
riod, by the Greeks ; the as, or pondo, by the Romans; 
the pound by the English ana Scotch ; and the lim, 
by the French: and the coins originally in use in 
Greece, Italy, and France, bore the same names, and 
weighed precisely a talent, a pondo, a livre, and a 
pound. 

The metal which our ancestors used as their medium 
of exchange, they first divided by pounds, which won! 
still remains among us to signify twenty shillings ; this 
being about the just value that so much copper bore in 
those days. This was called as in Latin, which, ac- 
cording to Varro, is derived from as, signifying copper. 
They used it first in bullion, unmarked — but to save 
the trouble of weighing this pound, or the lesser parts 
of it, and to give it a readier currency, they stamped 
upon one side the figure of a ship, as an emblem of 
commerce, with the weight and value ; and on the re- 
verse, the picture of one of those beasts which are de- 
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signed by the word Pecus, as being tfie most prized 
commodities ; whence money came to be afterwards 
called Pecunia, in Latin, — and hence the English word 
pecuniary. 

Why is the guinea so catted ? 

Because the gold with which it was first coined in 
the reign of Charles IL was brought from Guinea. 
For this reason also, the guinea originally bore the 
impression of an elephant 

The term sovereign is not new in our coinage : in 
the time of Edward VI. there were both sovereigns, 
and half-sovereigns, and nobles, as appropriate attend- 
ants on the sovereign. 

Why is the shilling so called f 

Because of ks corruption from the word scyUing, the 
etymology of which would lead us to suppose it to 
have been a certain quantity of uncoined silver; for, 
whether we derive it from sceylan, to divide, or sceale, 
a scale, the idea presented to us by either word is the 
same — that is, so much silver cut off, as in China, and 
weighing so much. — Turner's Anglo-Saxons. 

Why were groats first coined $ 

Because, in the Saxon time, we had no silver money 
bigger than a penny, nor after the Conquest, till Ed- 
ward III., who, about the year 1351, coined grosses, 
(groats, or great pieces,) which passed for fourpence ; 
so the matter stood till the reign of Henry VIL, who, 
in 1504, first coined shillings. 

Why is the penny so called ? 

Because of its derivation from the Latin pecunia, 
money. Until the time of Edward I. the penny was 
struck wkk a cross, so deeply indented in it, that it 
might easily be broken, and parted on occasion, into 
two parts, thence called half-pennies; or into four, 
thence called four-things, or farthings* But that prince 
coined it without indenture, in lieu of which he first 
struck round halfpence and farthings. 

c3 
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Why teas the hanking system first introduced into 
England? 

Because, in the turbulent times of the Common- 
wealth, the merchants and tradesmen, who had before 
trusted their cash to their servants and apprentices, 
found that no longer safe ; neither durst they leave it 
in the Mint, by reason of the distress of majesty itself, 
although this was before a public deposit In the year 
1045, they first placed their cash in the hands of gold- 
smiths, who began to exercise both professions. We 
quote these facts from Pennant, who states the fint 
regular banker to have been Mr. Francis Child, gold- 
smith, who began business soon after the restoration; 
but Granger mentions Mr. Child as successor to the 
shop of Alderman Backwel, a banker, in the time of 
Charles IL, who was ruined by the shutting up of the 
Exchequer, in 1673: he *ived in Fleet-street, near 
Temple Bar, where the banking business of the Chikte 
is conducted to this day. 

About fifty years after the above, in 1720, the credit 
of Bankers was much injured by what has been in oar 
times called a panic, or run. Swift turned their tribu- 
lation to humorous account. Thus, in some lines of 
the above date : — 

" The multitude's capricious pranks 

Are said to represent the seas ; 
Which breaking Bankers and the Banks, 

Remove their own where'er they please. 

****** 

No money left for equand'rinff heirs! 

Bills turn the lenders into debtors : 
The wish of Nero now is theirs, 

That they had never known their letters." 

Rymer mentions the draft and cheque. The money 
changers of Scripture, the Trapizseta of the Greeks 
and the Argcntarii, or Nummularii of the Romans, all 
illustrate the high antiquity of banking. 

Why is the Bank of England an important adjunct 
of the Government of Great Britain? 

Because it receives the taxes, pays the taxes, pays 
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the interest of ilic public <lehr, :iiul rmsduetsihe various 
other pecuniary transaction a of the exchequer. For 
those services the bank receives a per centage,or cora- 
mission, which amounts annually to about i.'li( ),(.)( Kt/. 
to which must he added the pro/it derived from the 
use of a floating balance due to the public, Dover less 
in amount than four niillk>ns -t' iMiil:. This Iralance, 
employed in discounting mercantile bills; at the rate 
of tour per cent, yields n revenue of lf!0,QOOf. per 
annum, which being added to llio ftuiinussion of 
360,000(. gives a total of -120,000£ as the profit which 
irfrom the 



the Treasury. — Quaiirrlis Rrvino, .Vo. 86. 

The Bank of England was first established in 1694: 
its projector waa oue Paterson, born in Dumfriesshire, 
and said to have died of griofj occasioned by the in- 
gratitude with which he whs treated by the world. 

WTiy were the labours of Ike alchemists beneficial to 
mankind? 

Bccnuse, hr.wevergrenl (heir follios. ilit-ir researches 
were instrumental in promoting die progress of che- 
mical discovery. Hence, in particular, metallic phar- 
macy derived its origin. Mr. Herschcl justly observes, 
"among the alchemists were men of superior minds, 
who reasoned while they worked, and who, not con- 
tent to grope, alwavs in the dark, and blunder on their 
object, sought carefully in the observed nature of their 
agents for guides in their pursuits." 

Why U mercury used in amrdframs? 

Because, being habitually fluid, it readily combines 
with moat of the metals. When these metallic mix- 
tures contain a sufficient quantity of mercury to ren- 
der them soft at a mean temperature, they are called 
amalgams. 

A work on metallurgy, and the use of quicksilver in 
refining gold and silver, was written by Atonzo Barhn, 
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a clergyman of the church of St. Bernard, at Potoo, 
in the year 1640, who has by some writers been sup- 
posed to be the inventor of amalgamation. He da- 
covered the process by mere accident ; for, being de- 
sirous of fixing quicksilver, he mixed it with fine 
powdered silver ore, and soon found that the mercury 
had attracted every particle of silver to itself, which 
presented him with the idea of refining metals by 
means of quicksilver. This experiment he made in 
the year 1609, but he was probably unacquainted at 
that time with smelting works in America, and doeatff 
not appear desirous of claiming the invention of amal- 
gamation as practised in that country. The book, 
though published at that late period of the art, and . 
"notwithstanding there were many superior treatises on 
the same subject already published in Gernvin, waa 
considered of such importance by the Spaniards, as 
containing all their metallurgic secrets, that they en- 
deavoured to suppress it : but a portion of it was trans- 
lated into English in 1674. 

WORKING METALS. 

Why are ike ancient Britons concluded to have been 
expert in working metals? 

Because the art of working in iron and steel had 
risen to such perfection in the tenth century, that even 
the horses or some of the chief knights and barons 
were covered with steel and iron armour. Artificers 
who wrought in iron were so highly regarded in that 
warlike time, that every military officer had his smith, 
who constantly attended his person to keep his anna 
and armour in order. The chief smith was an officer 
of considerable dignity in the court of the Anglo- 
Saxon and Welsh kings, where he enjoyed many pri- 
vileges, and his wages were much higher than those 
of any other artificer. In the Welsh court, the king's 
smith was next in rank to the domestic chaplain, and 



ARTS AND MANUFACTURES. 



V 



WBBjentitled to a draught of every kihd of liquor that 
was brought into the hall. 

Why were bellows first invented? 

Because they might imitate the action of the lungs 
and a hollow reed placed in the moutl] of the blower, 
the latter being the first instrument employed for 
blowing a fire. Our common bellows appear to have 
been known to the ancient Greeks, and Roman lamps 
have been found in the form of bellows. 

Why is it to be regretted that we know but little of 

,1/fce ancient construction of bellows ? 

? Because more information on this subject would en- 
large the knowledge we possess of the metallurgy of 
the ancients. 

Strabo tells us, on the authority of an old historian, 
that Anacharsis the Scythian philosopher, invented 
the bellows, the anchor, and the potter's wheel ; but 
this seems doubtful, as Pb'ny, Seneca, Diogenes, 
Laertius, and Suidas, only attribute the two last to 
him ; and Strabo also remarks, that the potter's wheel 
is mentioned by Homer, who lived prior to the time of 
Anacharsis. It is, therefore, probable that the latter 
became acquainted with the invention on his travels, 
and having made it known to his countrymen, was 
looked upon as the inventor. — Beckmann. 

Why tare forge-bellows constructed with fhrt% boards ? 

Because they are required to keep up a constant and 
unremitting stream of air through the fuel, to keep it 
in vivid combustion. Thus, thecentre board is fixed, 
and furnished with a Valve opening upwards, the 
lower board being movable with a valve also opening 
upwards, and the upper board being under a continual 
pressure by weights acting' upon it. When the lower 
board is let down, do that the chamber between it and 
the middle board is enlarged, the air included between* 
these boards being rarefied, the external pressure in 
the atmosphere will open the valve in the lower board, 
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and the chamber between the lower and the middle 
boards will be filled with air in its common state. 
The lower board is now raised by the power whkh 
works the bellows, and the air between it and the 
middle board is condensed* It cannot escape through 
the lower valve, because it opens upwards* It acts 
therefore, with a pressure proportional to the working 
power on the valve in the middle board, and it forces 
open this valve, which opens upwards. The air is 
thus driven from between the lower and middle boards 
into the chamber between the middle and upper 
boards. It cannot return from this chamber, because 
the valve in the middle board opens upwards. The 
upper board being loaded with weights, it will be con* 
densed while included in this chamber, and will issue 
from the nozzle with a force proportionate to the 
weights. While the air is thus rushing from the 
nozzle, the lower board is let down and again drawn 
up, and a fresh supply of air is brought into the 
chamber between the upper and middle board. This 
air is introduced between the middle and upper board 
before the former supply has been exhausted, and by 
working the bellows, with sufficient speed, a large 
quantity of air will be collected in the upper chamber* 
so that the weights on the upper board will force a 
continual stream of air through the nozzle. — Lardner. 

There are usually two blast-holes to conduct the 
stream of air from the bellows to the laboratory of the 
furnace, placed on opposite sides, but so angled that 
the streams do not impinge on each other. The bel- 
lows are commonly cylindrical, and their pistons are 
worked by a steam-engine. 

Why are these bellows superior to the hou&c^beUowsl 

Because the latter are constructed only with two 
boards, and have thus only an intermitting action, or 
blow by fits, the action being suspended while the 
upper board is being raissd. 

Why are German bellows made of wood superior fo 
those %n common use ? 
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Because the effect produced by them is stronger and 
more uniform, and they last longer. Some idea may 
be formed of this contrivance from the following 
sketch. The entire machine is composed of two 
boxes placed over each other, the uppermost of which 
can be moved up and down, in the manner of a lid 
with a hinge ; but the sides of the upper box are suf- 
ficiently large to contain the lower between them, 
when raised to its greatest extent. Both are fastened 
together at the smallest extremity, where the pipe is 
inserted by a strong iron bolt, Thus, when the boxes 
fit each other with exactness, aud the upper is raised 
over the under, which is immovable, the space con- 
tained within both will be increased: consequently, 
more air will rush in through the valve in the bottom 
of the lower one ; and when the upper box is again 
pressed down, this air will be expelled forcibly through 
the pipe. The only difficulty is to prevent any portion 
of the air from escaping at any other part of the ma- 
chine than the orifioe of the pipe ; and this is obviated 
by the simple contrivance of placing movable slips of 
wood at the inner sides of the uppermost box, which, 
by means of metal springs are pressed to the sides of 
the lower box, and fill up the intervening space, 
^Beckmann. 

IRON. 

Why is the use of iron believed to have been known, 
m the earUcgt ages ? 

Because of its frequent mention in the bible : 
thus, Tubal Cain, who lived nearly 4,000 years before 
the commencement of the Christian era, was "an 
instructer of every artificer in brass and iron." (Gen. iv. 
22.) and we read that Abraham took a knife to slay 
his son Isaac. (Gen, xxii. 10.) In these early tunea 
too, mention is made of shears and of shearing of 
aheep. (Gen. xxxviii. 12, 13.) 

Why is this knowledge supposed to ham been after* 
tcardshst? 
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i many or thi.>. lutciont nations used stones, 
flints, the horns and bones of various animals, the 
bones and shells of fish, roods and thorn:-. ; 
purpose in which the moderns now use edge tools of 
iron and steel. 

Chronology informs us, iron ivns lii'sl discovered hi 
the burning" of Mount Ida, 140ti B.C. In England 
by the Romans, soon after the landing of C-csar: firet 
discovered in . \ r i j > ■ ;■] ■ ■ : i - in \ iririnin, 17 13 : first cast if 
England, at Blackstcad, Sussex, 1344. 

Why was iron, at one period forbidden to lit used tj 
ttc Romans, except in agriculture ? 

Because they thought iron poisonous, and ihnt 
wounds made Willi iron instruments, healed with diffi- 
culty. Chcmislrv has, however, exposed this fallsc)'. 
Fourcroy says iron is die only metal which is mu 
noxious, and whose effects are not lobe feared. In- 
deed, its effects on the animal economy are evidently 
beneficial. 

Why is iron the most useful of mdoh c { 
Because it heroines softer by heat, and lias the r«- 
pability of being weldei lie another piece ofiron,soast« 
form one entire mass : and this may lie done without 
rivets, solder, nr iniitin:.: < it her "f flu ■ pieces. No other 
metal possesses diis singular property, except pla- 
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inch in diameter, 
breaking. ' A wire of 
i will carry nearly 900 



will carry 450 pounds withn 
tempered steel of the some s 
pounds.— Black. 

Why has the iron trade of Great Britain increased so 
extraordinarily since the year 1750 ? 

Because then pir-roni began to lie generally used for 
extracting cast iron from Us ores. In 1740, England 
and Scotland did not possess more than 5!l tiimoiies, 
producing I7,0(!0 (one; whereas in lS'iT, they had 
increased to -i: i lurnucus, producing 090,000 tons. A 
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writer in a French Journal, therefore, describes pit- 
coal as " the. prime ek-mi-nt of ilie manufactures and 
die wealtli of England." Tie mean annual amount 
of tin- r.\|>nrliiiiin! of imn urul steel from this country, 
in bars and wrought works, is from 1,200,000*. to 
1,500,0007. The annual quantity of iron manufac- 
tured in Great Britain is 690,000 tons. 

In the great iron works, the ore, hroken into small 
piece?, and mixed with lime or some oilier substance 
to promote its fusion, is thrown into lite furnace ; and 
baskets of charcoal or coke, in due proportion, are 
thrown in alone with it. A part of the bottom of 
the furnace is filled with fuel only. This being kin- 
dled, the blast nt' die great bellows is directed on it, 
and soon raises the whole to a most intense heat: 
tiedialely above it, and d 
n through the " ' 
st sinks down 
letl by the consumed fuel, and this, i: 
next in the way of the hclluws, ami is also reduced. 
More ore aiirl fuel an- supplied above, and the opera- 
tion goes on till the melted metal at the bottom, in- 
creasing in iptiiitlily, lises almost to the aperture of 
the blast ; it is let out. by piercing a hole in the side of 
the furnace, and then forms what arc colled pigs of 
cast iron. — Parkts. 

The Butterley iron-works are amongst the most im- 
portant in this country. Here ere three furnaces, each 
capable of producing thirty-live tons of pig iron, or 
crude cast iron, ]ier week. The blast furnaces are 
about forty feet high, and about thirteen in the largest 
diameter. When charged, they contain about 3,500 
cubic feet of froii stone, coke, and limestone, which 
produce one ton of melting iron. When heated, they 
are kept in a state of intense heat for many months or 
years, without intermission, and are constantly sup- 
plied at the tope with materials. Blast cylinders, 
worked by a steam-engine of 80-horse power, continu- 
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ally urge a stream of air into the furnace. The volume 
of air thus supporting the combustion, may be esti- 
mated by the contents of these cylinders, which are 
six feet diameter, with a stroke of eight feet long, re- 
peated thirteen times per minute, and doubled by a 
reciprocity motion, causing a consumption or decom- 
position of 6240 cubic feet of air per minute. In the 
foundery attached to these works, were cast the iron- 
work of Vauxhall Bridge ; the columns of the King's 
Theatre in the Haymarket ; many of the works in the 
dock-yard at Sheerness ; the famous roof of the Rum 
Quay at the West India docks f and nearly all the 
pipes of the West Middlesex water-works* Sugar- 
mills for expressing the juice from the cane in the Co- 
lonies, are also manufactured here ; and the proprietors 
have exported upwards of 150 steam-engines to the 
same quarter within the last seven years. Here was 
made the steam-engine which supplies Calcutta with 
water: the nabob or king of Oude, has had one to 
work a pleasure steam-yacht, and another on a small 
scale to work punkas or large fans, to ventilate and 
cool his apartments. 

At the Cognor Park works, on the borders of Derby 
and Notts, the Butterley Company manufacture bar 
iron in all its forms of convenience and utility. Their 
vastness is thus described : " Conceive a space as large 
as Lincoln's Inn Fields, covered with extended fires 
and smoke, with the rumbling of blasting engines, the 
thumping of welding-hammers, and scores of men car- 
rying about masses of iron at a white heat : imagine fur- 
naces of melted iron, with their narrow doors, through 
which light flows with sensible momentum, and blinds 
those who dare to look upon the liquid lakes within: 
behold sets of revolving wheels, one of them twenty- 
four feet in diameter, weighing twenty tons, yet whin- 
ing seventy-two times hi a minute ; and see the con- 
nexion of this balance and regulator: view twenty 
kinds of apparatus, olive, as it were, and with Cyclops 
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moving among them, and you have before you these 
vast Derbyshire iron-works. To comprehend, in a 
sentence, the works carrying on by the Butterley Com- 
pany only, I may observe, that in its tan and coal- 
works it employs twenty-five steam-engfS^s with the 
power of 700 horses, and at this time gives empjoyment 
to 1500 men, as miners, colliers, furnace-meitagiould- 
ers, steam-engine fitters, smiths, labourers, &c.** 

Why is Swedish superior to British iron? 

Because the Swedes smelt with wood instead of 
coke. It is imported into England in great quantities, 
and is chiefly used for carbonization in steel. 

Why is iron deprived of Us malleability by long-con- 
tinued hammering ? 

Because it loses a portion of its latent caloric ; Dr. 
Black being of opinion that metals are malleable in 
proportion to the matter of heat which they contain in 
a latent state. 

Why is cast-iron puddled and rolled? 

Because a principal part of the foreign substances 
are thus burned away or squeezed out, and malleability 
is conferred upon the metal by rendering it more pure. 

By this curious proces&of puddling, cast-iron, after 
it has been to a certain extent refined, by refusion in a 
forge, is, in this country, converted into wrought iron. 
The cast iron is put into a reverberatory furnace, and 
when in fusion, is stirred, so that every part may be 
exposed to the air and flames. After a time, the mass 
heaves, emits a blue flame, gradually grows tough, 
and becomes less fusible, and at length pulverulent ; 
the fire is then urged, so that the particles again agglu- 
tinate at a welding heat, and are gradually wrought 
up into masses. In that state of intense heat, the 
masses are passed successively between rollers, and the 
bars made malleable. They are cut into pieces, placed 
in parcels in a very hot reverberatory, and again ham- 

* Abridged from Fir R. Phillips's Personal Tour, PartH, 1830, 






mered or roller! out into Irars. They are thus rendered 
more ton pi i, flexible, and malleable, but much less 
fusible, anil may be considered as nearly pure iron. 

ffhy is iron better cast perpendicularly than noriioii- 
tallyl 

Because of the pressure of the upright column, 
which renders the iron much less liable to air-bubbles 

d imperfections of that kind, which defeat the skill 
. d calculations of the machinist. If this upright 
pressure be increased by n weight of extraneous metal, 
the casting is still more likely to lie sound. 

Why does a rod of wrought iron, if plunged into east 
iron infusion, become sleet? 

Because the iron absorbs pnrl of the csrbon. What 
JH called case-hardening, is a conversion of the surface 

Why is the process by ichick iron is converted into 
steel, called cementation ? 

Because it consists in heating bars of the purest iron 
in contact with charcoal ; j( .ibsurl is carbon, and in- 
creases in weight, at tlie same time acquiring a blis- 
tered siu-|hre. This, when drawn down into smaller 
bars, and benfn, forms; lilted sled; and this broken 
up, heated, welded, and again drawn out into bars, 
li'i-in- :Jinn--steeL 

In this process it h;is 1 ieen cumtiionly considered thai 
the carbon combin; s iiitrlimtiuilti/ with the iron; our 
chemists have, however, lung been of opinion, that it 
is a chemical conibiimtinii that lakes place, by the gra- 
dual absorption of carbon in the gaseous state, by the 
iron. This fad lias Ihvij proved l.iy Mr. Charles Mack- 
intosh, of Crossliaskct, Lanark, who has taken out it 
patent for preparing steel, by subjecting the iron to a 
stream otYarlmi vtled h v, I n, L ^-ti gas, evolved from coal 
innler distillation. This iron is enclosed iti a pot or 
crucible in the furnace, and when arrived at the pro- 
per heat, a stream of gus Is directed by '■< pipe into the 
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crucible, which has^another aperture to allow that part 
of the gas to escaf*%which has not been taken up by 
the metal. Steel, iir ingots, is porous ; but, to confer 
solidity, it is hammered, tilted, and rolled. At Atter- 
cliffe, near Sheffield, are extensive works for these pur- 
poses. Here, by the power of a water-wheel, fifteen 
feet in diameter, hammers are worked, weighing from 
3 to 4£ cwt and strike, at ten or twelve inches fall, 
from 100 to 220 times in a minute. The ingots, at a 
strong red heat, are exposed to the action of these ham- 
mers, and the metals condensed into bars, which are 
next submitted, at the same degree of heat, to the 
tilting hammer, which gives 300 strokes per minute : 
lastly, they are rolled or flattened into sheets, and 
drawn into lengths. Six tons a week are hammered 
down by one hammer; about three tons are tilted; 
and twenty-four tons can be rolled, working night and 
day, by relays of hands. 

The making of steel is a British manufacture scarcely 
sixty years old. Previously it came from Austria and 
Syria, and was dear and litde used. It is, however, 
now heated, welded, cut, and moulded in this country, 
with nearly the same facility as deal wood by an ordi- 
nary carpenter. 

Why does a drop of nitric acid, Jet fall upon steel, 
occasion a black spot ? 

Because the iron is dissolved, and the carbon thereby 
exposed to view. — Parkes. 

Why is steel tempered^ 

Because, when steel is heated to a cherry-red colour, 
and then plunged into cold water, it becomes so ex- 
tremely hard and brittle, as to be unfit for almost any 
practical purpose ; and tempering reduces it from this 
extreme hardness, by heating it to a certain point or 
temperature. 

The polishing of steel is not executed in the same 
manner as that of the softer metals : the steel is not 
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pottbed until it has been hardened,' and the Ijatdar it 
k, die more brilliant will be its potiah. Batty***™! 
a a kind of very light tripoti, but finer than ^to otfee? 
sorts, and found near Bakewell, in Berb^atdre, ■ 
esteemed for general polishing ; but steel, from its «• 
treme hardness, requires to be polished with emery. 

Why art various colours produced on heated stedi 
Because of the oxidation which takes place, as a 
proved from the circumstance that when steel is hei*d 
' and suffered to cool under mercury or oil, none of the 
colours appear ; nor do they when it is heated in hy- 
drogen or nitrogen. — Brandt. 

ty is it customary to judgt of fa 
its colours? 

Becausei the surface being a little brightened, exk> 
Ufa* when heaved, various colours, which constantly 
change as the temperature increases. Thus, what 
steel is placed in a bath heated to 600°, the first change 
is at about 490°, which is very faint; at 460", the co- 
lour is straw, becoming deeper as the temperature ■ 
increased ; at 500°, the colour is brown ; this is fol- 
lowed by a red tinge, with streaks of purple, then pur- 
ple ; and at nearly 600°, it is blue. The degree! at 
which the different colours are produced, being thus 
known, the workman has only to heat the bath with its 
contents up to the required point For example, sup- 
pose the blade of a pen-knife, (or a hundred of them,) 
to require tempering ; they are suffered to remain in 
the bath until the mercury in the thermometer rises to 
460°, and no longer, that being the heat at which the 
knife (supposing it to be made of the best English cist 
steel) win be sufficiently tempered. 

Why is cast steel so catted? 

Because it is prepared by fusing blistered steel with 
a flux composed of carbonaceous and vitrifiable ingre- 
dients, casting it into ingots, and afterwards by gentle 
heating, and careful hammering, giving it the form of 
bars. 
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Why is {he Peruvian steel so catted? 

Because it is an alloy of steel with certain portions 
of other metals from Peru. It is, technically speaking, 
sadder, not so easy to work as other steel, and yet much 
harder and tougher than any other. 

CUTLERY. 

Why is steel used for making cutting instruments ? 

Because it combines the fusibility of cast with the 
malleability of bar iron, and when heated and suddenly 
cooled, becomes very hard. 

The rapidity with which razors, knives, &c. are pro- 
duced from the raw material, is truly astonishing. 
Thus in the workshops at Sheffield, we may in a few 
minutes see dinner knives made from the steel bar 
and all the process of hammering it into form, welding 
the tang of the handle to the steel of the blade, hard- 
ening the metal by cooling it in water and tempering 
it by de-carbonizing it in the fire. 

The number of hands through which a common 
table-knife passes in its formation is worthy of being 
known to all who use them. The bar steel is heated 
in the forge by the maker, and he and the striker reduce 
it in a few minutes into the shape of a knife. He then 
heats a bar of iron and welds it to the steel so as to 
form the tang of the blade which goes into the handle. 
All this is done with the simplest tools and contri- 
vances. A few strokes of the hammer in connexion 
with some trifling moulds and measures, attached to 
the anvil, perfect, in two or three minutes the blade 
and its tang or shank. Two men, the maker, and 
striker, produce about nine blades in an hour, or seven 
dozen and a half per day. The rough blade thus 
produced, then passes through the hands of the filer, 
who files the blade into form by means of a pattern in 
Jiard steel. It then goes to the haflers to be hafted in 
ivory, horn, &c. and then to the finisher. In this pro- 
fession, every table-knife, pocket-knife, or pen-knife, 
passes, step by step, through no less than 16 hands 
or 144 separate stages of workmanship. 
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Sheffield employed about 15,000 persons in the* 
departments, four years since : 

On table-knives - «£*• 

On spring-knives ------ 3,190 

On razors ------- 478 

On scissors ------- 806 

On files 1,284 

On saws 400 \\ 

On edged tools 541 f j 

On forks 480 

In the country ------ 130 

In the plated trade nearly .... 3000 

About 10,549 

Besides those who are employed in Britannia-metal 
ware, smelting, optical instruments, grinding, polish- 
ing, &c. &c. making full 5,000 more. There are full 
1,700 forges engaged in the various branches of the 
trades, and of course as many fires. 

Why are the most minute instruments generally made 
with good steel ? 

Because it is much more ductile than iron : a finer 
wire being drawn from it than from any other 
metal. 

Why is Wootz or Indian steel the most valuable for 
making edge tools ? 

Because it is combined with a minute portion of the 
earths, alumina and silica; or rather perhaps, with 
the bases of these earths. Whether the earths are 
found in the oar, or are furnished by the crucible in 
making the steel, is not certainly known ; nor is the 
Indian steel-maker probably aware of their presence. 
Wootz, in the state in which it is imported, is not fit 
to make into fine cutlery. It requires a second fusion, 
by which the whole mass is purified and equalized, 
and fitted for forming the finest edge instruments.— 
Brande. 

Why does a razor operate best when dipped in km 
water 7 
Because the temperature of the blade has then been 
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raised, and the fineness of the edge proportionally in- 
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In some experiments, the knife edges attached to 
the pendulum described by Captain Kater, in Phil. 
Trans. 1818, on being carefully hardened and tem- 
pered in the bath at 432°, were, on trial, found too 
soft. They were a second time hardened, and then 
heated to 212°, at which point the edges were ad- 
mirably tempered. This, it will be remembered, is 
the heat of boiling water, and further illustrates the 
preceding question. 

In the manufacture of a razor, it proceeds through 
a dozen hands; but it is afterwards submitted to a 
process of grinding, by which the concavity is perfected, 
and the fine edge produced. They are made from 
Is. per dozen, to feOs. per razor, in which last the 
handle is valued at 16s. 6d. — Scissors, in like manner, 
are made by hand, and every pair passes through 
sixteen or seventeen hands, including fifty or sixty 
operations, before they are ready for sale. Common 
scissors are cast, and when riveted, are sold as low as 
4s. 6d. per gross ! Small pocket knives too are cast, 
both in blades and handles, and sold at 6s. per gross, 
or a halfpenny each ! These low articles are exported 
in vast quantities in casks to all parts of the world. 

ZINC. 

Why is Zinc useful in the arts ? 

Because, in combination with copper or tin, in 
various proportions, it forms some of the most useful 
compound metals or alloys. Thus, with copper, it 
constitutes brass, pinchback, and tombac ; with little 
copper, Prince's metal ;* with tin and copper, bronze. 

Koofs covered with zinc are very numerous in the 
Low Countries but have one bad quality. In cases of 
fire, the zinc being very combustible, soon becomes in- 
flamed, and foiling all around, occasions great danger 

•See Domxstic Scixifcz, page 65. 
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to those who approach the building. In short, zinc is 
the most combustible metal we have. If beaten out 
into thin leaves, it will take fire from the flame of a 
common taper. 

Why has the oxide of zinc been substituted fir 
white lead in house-painting. 

Because it preserves a good colour much longer: 
it is not, however, of so perfect a white as lead. .1 

TIN. 

Why did the ancients mix tin with their copper coins 
and edge tools ? 

Because it occasioned the coins to wear longer, and 
it imparted sufficient hardness to the copper to render 
it capable of forming very good cutting instruments. 
Mr. Parkes, in analysing several Roman brass cobs, 
from various periods of the Empire, found tin to be a 
component part in all of them. 

Why is not Spanish tin used in this country! 

Because it bears a prohibitory duty of 30Z. per cent 
It is raised in great quantities in South America, and 
is very pure, but not so neatly manufactured as the 
Cornish tin. According to Aristotle, the tin mines of 
Cornwall were known and worked in his time. Dio- 
dorus Siculus, who wrote 40 years before Christ, defr 
cribes the method of working these mines, and njt, 
that their produce was conveyed to Gaul, and thence 
to different parts of Italy. The miners of Cornwall 
were so celebrated for their knowledge of working 
metals, that about the middle of the 17th century, 
the renowned JJecher, a Physician of Spire, and tutor 
of Stahl, came over to this country to visit them. 

A celebrated tin mine was the famous wherry mate, 
near Penzance. The shaft through which the minert 
went down to work, was situated nearly 100 yards 
below water mark. "The opening of this mine" says 
Dr. Maton, "was an astonishingly adventurous ©> 
dertaking. Imagine the descent into a mine througfc 
the sea, the miners working at the depth of 17 fathoina 
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below the waves ; the rod of a steam engine, extend- 
ing from the shore to the shaft, a distance of nearly 
120 fathoms, and a great number of men moment- 
arily menaced with an inundation of the sea, which 
continually drains in no small quantity through the 
roof of the mine, and roars loud enough to be dis- 
tinctly heard in it." The working of this mine was 
wholly given up in the year 1798. 

Such is the mineral wealth of Cornwall, that it 
contains more men, who possess fortunes, sprung 
from the mines, of five and from that to twenty 
thousand pounds, than there are in any other county 
of England, excepting the metropolis and its vicinity ; 
and there are some instances of individuals acquiring 
from fifty to two hundred thousand pounds, from the 
mines, and by a fortunate course of trade. 

Why should tin be chosen for its lightness ? 

Because its purity is in exact ratio with its levity ; 
while gold, on the contrary, unless alloyed with plati- 
num, is fine in proportion to its density. 

Why is tin so important to the dyer ? 

Because it is employed to give a brightness to cochi- 
neal,* archil, and other articles used in forming reds 
and scarlets ; and to precipitate the colouring matter 
of. other dyes. For these purposes it is previously 
dissolved in a peculiar kind of aqua-fortis 9 called 
cgy gyy spirit. 

Tin is consumed in large quantities by the dyers ; 
it 10 also used for covering sheet iron to prevent its 
lusting, and in forming plumbers' solder, speculum 
metal, pewter, and some other alloys. Its oxides are 
used in polishing glass, in glazing some kinds of 
earthenware, &c. 

Why is tin-plate so called? 

Because it is made by dipping clean iron plated 
Into melted tin. When tin-plate is washed over with 

♦See Zoology— In4tet*,v*& 258. 
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a weak acid, the crystalline texture of the tin be- 
comes beautifully evident, forming an appearance 
which has been called moire mttaBiquc* 

Why are pins ichitened by boiling in grain-tin ad 
supertartrate of potash ? 

Because the tartaric acid first dissolves the tin, and 
then gradually deposits it on the surface of the pins, 
in consequence of its greater affinity for the zinc, of 
which the brass wire is composed. 

Why were fhe Stannary Courts so called 1 
Because they regulated the affairs of the tin (So* 
num, Latin,) mines, and determined causes among the 
tinners, whether criminal or actions for debt. At Lyd- 
ford,on the borders of Dartmoor, was one of the Stan- 
nary prisons : hence the Devon and Cornwall saying: 

" First banc and draw, 

Then hear the cause by Lydford Law ; " 

or Lydford Law, by which they hang men first, and 
try them afterwards. 

LEAD. 

Why is lead employed in refining (he precious tnetabl 
Because when mixed with them m a great heat, 
it rises to the surface combined with all heteroge- 
neous matter. Lead is employed to cover buildings, 
to form water-pipes, (though Vitruvins, the Roman 
architect, in the time of Augustus, condemned this 
practice,) and to make a great variety of vessels for 
economical purposes. Its oxides are used for dyeing 
and calico-printing, in the manufacture of glass, earth- 
enware, and porcelain : and lead is capable of forming 
various alloys. There is also a large consumption of 
lead in making shot.* 

Why is lead employed in the manufacture ofvtib 
metal buttons ? 
Because it has been discovered that a certain/pro* 

* See Mkchakics, p. 90. 
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portion of lead may be mixed with the metal formerly 
used, without injuring the appearance of the button ; 
thus affording a very considerable additional profit to 
the manufacturer. 

Why is lead employed to correct harsh wine? 

Because it has the property of imparting a saccha- 
rine taste when dissolved in acids, as in that of the 
wine. The ancients knew that this metal rendered 
harsh wine milder, but it was not universally known 
to be poisonous. According to Pliny, the Greeks and 
Romans proved the quality of their wines by dipping a 
plate of lead in them. Lead will also take off the ran- 
cidity of oils. 

Why were blocks of lead called pigs? 

Because they might be distinguished from larger 
blocks, called sows, which latter term is still retained 
in the word sow-metal. In 1773, a pig of lead was dug 
up near Tamworth, with an inscription of the date 
76, A.D., or 1697 years old ; thus proving lead. to have 
been used by the Romans in this country. 

Why is lead cast in such regular sheets? 

Because the melted metal, is suffered to run out of 
a box through a long horizontal slit upbti a table pre- 
pared for the purpose, while the box is drawn by ap- 
propriate ropes and pulleys along the table, leaving the 
melted lead behind it in the desired form, to congeal. 
Hie lead thus cast is then passed between two iron 
rollers placed at such a distance from each other, as 
will reduce it to the requisite thickness. 

Why is common lead changed into red lead by meU- 
ingit in ovens with a free access of atmospheric air % 

Because the lead absorbs so much oxygen as to be- 
come converted into an oxide. Thus, the melted lead 
is exposed until the surface is covered with a pellicle ; 
this pellicle being removed, another is formed; and 
thus, by successively removing the pellicle as it forms, 
the greater part of the lead is soon changed into a yel- 

part x. E 
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lowish-green powder. This powder is then ground in 
a mill, and when it has been washed and properly 
dried, is thrown back into the furnace ; and this, by 
constant stirring for thirty or forty hours, so as to expose 
every part to the action of the air, becomes red lead, 
and is taken out for use. Twenty cwt of lead gener- 
ally give 22 cwt. of red lead ; so that 2 cwt. of oxygen 
are absorbed from the atmosphere during the process 

The only important alloys of lead are those with tin. 
Common pewter consists of about 80 parts of tin. and 
20 of lead. Equal parts of lead and tin constitute 
plumbers? solder ; and what is termed pot-metal, is an 
alloy of lead and copper. 

The reduction of native lead upon a large scale, is 
a sufficiently simple process. The picked ore, after 
having been broken and washed, is roasted in a rever- 
beratory fire, the temperature being such as to soften 
but not fuse it. During this operation, it is raked till 
the fumes of sulphur are dissipated, when it is brought 
into perfect fusion ; the lead, reduced by the fuel, 
sinks to the bottom, and runs out into oblong moulds 
called pigs ; the scoriae are again melted, and furnish 
a portion of less pure metal. The mines of Great 
Bntain afford an annual produce of about 48,000 tons 
of smelted lead. There is a peculiar variety of native 
lead, called in Derbyshire Slickensides, which, when 
touched by the miners' pick, often splits asunder with 
a kind of explosion.* 

Plumbago, graphite, or black-lead, is generally re- 
garded as a true carburet of iron : it is not uncommon, 
though rarely found sufficiently pure for pencils ; the 
coarser kinds, and the dust, are melted with sulphur, 

+ The practice and laws of mining in Derbyshire, are somewhat 
curious. Sir Richard Phillips, in his recent Personal Tour, tells us, 
" there is a large district called the King's Field, and as the king is en- 
titled to a share, so any person finding a vein of ore, may, on giving 
notice to the Bar-master, an officer so called, work the said vein for 
his own benefit, and the king's. The Bnr-mastcr then places a cross- 
stick on the spot, and the vein is deemed the legal property of the dis- 
coverer, who is, moreover, entitled to a right of way to the nearest 
public road." 
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fbr common carpenters' pencils : it is sometimes used 
in manufacturing crucibles, and m compositions for 
covering cast-iron, and for diminishing friction in ma- 
chinery.* 

Mr. Bakewell was informed at the celebrated mine 
in Borrowdale, that black-lead, to the amount of one 
thousand pounds, had been obtained there in one day. 

Why is common wkUe-lead made by exposing sheet- 
lead to acetic acid? 

Because the fumes of the acid oxidize the metal 
Thus, a number of crucibles, holding from three to six 
quarts each, and nearly filled with vinegar, are placed 
in hot-beds of tan : upon these crueibles thin sheets 
of lead, rolled up in coils, are placed, one coil over each 
crucible. The heat of the ted occasions the vinegar 
to rise in vapours, and this attaches itself to the lead, 
and oxidizes its surface to a considerable depth. The 
oxide which has been thus formed, is scraped off, and 
the coils of lead replaced : in this manner the opera- 
tion is repeated, until the whole of the metal is oxi- 
dized. This oxide, which contains a portion of carbo- 
nic acid, is afterwards washed, and ground for sale. 

Why does linseed-oil, boiled with red-lead, become 
drying oil? 

Because the oxygen of the metal combines with the 
oil, imparting to it the property of drying quickly. 

ANTIMONY. 

Why is antimony important in the arts ? 

Because, alloyed witli lead, in the proportion of 1 to 

16, and a small addition of copper, it forms the alloy 

used for printers' types : with lead only, a white and 

rather brittle compound is formed, used for the plates 

upon which music is engraved. With tin, antimony 

constitutes a kind of pewter, a term, however, applied 

to an alloy of lead and tin. The finest pewter consists 

^— »- ' *~~ ~ — * — ^"^^^"^" 

* Bee MzoHARict, page 36. 
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of about twelve parts of tin and one of antimony, with 
a small addition of copper. A good white metal, 
(Britannia) used for tea-pots, is composed of 100 tin, 
8 antimony, 2 bismuth, and 2 copper. 

COPPER. 

Why is copper chosen for making trumpets and other 
musical instruments ? 

Because of its sonorous property. 

Why is copper-wire chosen by wire-dancers? • 

Because of its great elasticity. Thus a wire l-10th 
of an inch in diameter, will support nearly 300 lb. 

The first copper smelting works were established at 
Swansea, about a century ago, — but the business has 
so increased, that it is calculated not fewer than 10,000 
persons are now employed in the works and the col- 
lieries, and the shipping connected with them. 

The following is an outline of the process* by which 
ores of copper are reduced, as carried on upon a large 
scale near Swansea, where the chief part of the Corn- 
ish ores are brought to the state of metal. The ore, 
having been picked and broken, is heated in a reverbe- 
ratory furnace, by which arsenic and sulphur are driven 
off. It is then transferred to a smaller reverberator?, 
where it is fused, and the slag which separates, being 
occasionally removed, is cast into oblong masses, used 
as a substitute for bricks. The impure metal collected 
at the bottom of the furnace, is granulated by letting 
it run into water ; it is afterwards melted and granu- 
lated two or three times successively, in order wither 
to separate impurities, which are chiefly sulphur, iron, 
and arsenic, and ultimately cast into oblong pieces 
called pigs, which are broken up, roasted, and lastly 
melted with charcoal in the refining furnace. Mallea- 
bility is here conferred upon the copper, and its texture 
improved by stirring the metal witJi a pole of green 
wood, generally birch, which causes great ebullition 
and agitation ; assays are occasionally taken out, and 
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the metal, originally crystalline and granular when 
cold, now becomes fine and close, so as to assume a 
silky polish when the assays are half cut through and 
broken. The metal is now cast into cakes about twelve 
inches wide, by eighteen in length. Copper for brass- 
making is granulated by pouring the metal through a 
perforated ladle into water; when this is warm, the 
copper assumes a rounded form, and is called bdan 
shot ; but if a constant supply of cold water is kept up 
it becomes ragged, and is called feathered shot. An- 
other form into which copper is cast, chiefly for ex- 
ports to the East Indies, is in pieces of the length of 
six inches, and weighing about eight ounces each: 
theVwpper is dropped from the moulds, immediately 
on its becoming solid, into a cistern of cold water; and 
thus, by a slight oxidation of the metal, the sticks 
acquire a rich red colour on the surface. This is called 
Japan Copper. — Brandt. 

Sulphate of copper, or Roman vitriol, is much used 
by dyers, and in many of the arts. Fowling-pieces and 
tea-urns are browned, by washing them with a solution 
of this salt Verdigris is an acetate of copper. Blue 
verditer, much used in staining paper for hanging 
rooms, is a nitrate of copper, combined with hydrate of 
lime. Mineral and Brunswick green, are likewise 
combinations of copper with potash, &c. At Mont- 
pellier, the manufacture of rough verdigris is part of 
the household business in the wine-farms, and is gene- 
rally done by the women. 

The annual value and produce of the copper and tin 
from the mines of Cornwall and Devonshire, on an 
average of several years, may be stated at 75,000 tons 
of copper ore, value £800,000. sterling ; 3,250 tons of 
metallic tin, value £227,000. — BakeweWs Geology, 

According to the tables of the produce of the son me- 
tals raised in Great Britain, -as given in a work en- 
titled Records of Mining, the quantity raised in a year 

£3 
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is as follows :— copper, 16,635 tons; lead, 47J00O tow; 
and tin, 5^16 tons. 

Why is the rust advantageous to copper! 
Because the corroded part is very thin, and p r o s o rr c B 
the metal beneath from further corrosion. 

Why have small bells a shrill tone! 
Because zinc is added to their composition, usually 
consisting of three parte copper and one of tin. 

Why has apparatus been invented for sounding UUt 
without pulling 7 

Because buildings suffer much from the sounding 
of bells, especially when they are very heavy. Let 
one, in fact, only imagine a mass of several tons 
•wincing to and fro, and he will readily perceive now 
much a building must be shaken by it. In Denmark, 
Professor Oersted has introduced into a bell a balance ; 
similar to that of a pendulum. An axis, by tominf, 
raises a hammer, which, at each turn, strikes the boll, 
and produces a sound which cannot be distinguished 
from that emitted by the bell when tolled. 

The largest bells in the world are to be found in 
Russia, The u Great Bell " of Moscow, cast in the 
year 1796, weighs 432,000 pounds, is 19 feet high, 
SI yards in circumference at the bottom, and at its 
greatest thickness 23 inches.* 

Why should children be cautioned against eating 
the imitative gold on gingerbread, fyc. ? 

Because it is nothing more than a fine kind of brass, 
which is supposed to be made by cementation of copper 
plates with calamine, and hammered out into leaves 

* Mirrors are also cast of larger dimensions at St. Petersburg*!, tbw 
elsewhere. In the Imperial manufactory here, was cast for Printf 
Potemkin, a mirror, measuring 194 inches by 100. One, of the same 
proportions, and valued at three thousands guineas, was cast for the 
Duke of Wellington, a few years since, but was broken to atomf i> 
its conveyance from St. Petersburg]! to England. 
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in Germany. It is sold very cheap in this country, 
under the name of Dutch gold or Dutch metal It is 
about five times as thick as gold leaf; that is to say, 
it is about one sixty-thousandth of an inch thick. 

Why is tin preferable to other metals for lining copper 
vessels! 

Because it combines with copper at a much lower 
temperature than is necessary to fuse the copper alone. 
When vessels are tinned, they are first scraped or 
scoured ; after which they are rubbed with sal-ammo- 
niac They are then heated, and sprinkled with 
powdered resin, which defends the clean surface of the 
copper from acquiring the slight film of oxide, that 
would prevent the adhesion of the tin to its surface. 
The melted tin is then poured in and spread about. 
An extremely small quantity adheres to the copper, 
which may perhaps be supposed insufficient to prevent 
the noxious effects of the copper as perfectly as might 
be wished. 

^ Why do watchmakers prefer Dutch brass to (he 
English? 

Because of its superior ductility, which is owing to 
the large proportion of copper contained in it; the 
Dutch being a compound «of two atoms of copper and 
one of zinc, while the English is of equal parts of 
copper and zinc — J%omsoiu 

COBALT. 

Fl^ is eohaUextremebf valuable to (he manufacturers 
of porcelain? 

Because it not only produces a beautiful colour, but 
endures the extreme heat of their furnaces unaltered. 
This colour is so intense, that a single grain of the 
pure oxide will give a deep tint of blue to 240 grains 
of glass. Smalt, or powder-blue, used by laundresses, 
consists of oxide of cobalt, ground impalpably with 
flint-glass. This is also used to give a blue tinge to 
writing and printing papers. 
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Cobalt ores generally contain arsenic : they are go 
contaminated with it, that the workmen who are em- 
ployed seldom live many years. 

Why is cobalt especially valuable in At/bu artsf 
Because its oxide forms the most permanent blue 
colour that we are acquainted with. La Grange says 
that the old painters used this oxide mixed with oil 
in their paintings, which is the reason why the sky 
and drapery in some old pictures are of so durable a 
blue. 

BISMUTH. 

Why is bismuth important in the composition fir 
printing-types ? 

Because it has the singular property of expanding 
as it cools ; and from this expansive property are ob- 
tained the most perfect impressions of the moulds in 
which the letters are cast The larger kind of types 
are generally made with lead and antimony, in me 
proportion of from 4 to 16 parts of the former to 00t 
of the latter. * 

SILVER. 

JVhy is silver alloyed wish copper for plate and coinf 

Because the former metal is thus rendered harder 
and more sonorous, while its colour is scarcely im- 
paired. 

The silver mines of Mexico and Peru far exceed in 
value the whole of the European and Asiatic mines: 
for we are told by Humboldt, that three mines, in the 
space of three centuries, afforded 316,023,883 pounds 
troy of pure silver ; and he remarks that this quantity 
would form a solid globe of silver, 91,206 English feet 
in diameter. (Jameson,) Mr. Helms is of opinion 
that the Andes, if properly examined, would afford 
silver enough to overturn our present commercial sys- 
tem, by making silver as common as copper. 

Silver has also been obtained from some of the lead 
mines of Great Britain. Bishop Watson, in his Chem- 
ical Essays, notes, " By the silver which was produced 



45 

from the li-nrl wines in Cardiganshire, Sir Hugh Mid- 
lileton is wiiil in have cleared inn thousand pounds n 
month, ami tliat this enabled him to undertake the 

E:at work of bringing the new river from Ware to 
ndoD-" 

Why does silver tarnish and blacken? 

Because of the sulphureous vapours in the atmos- 
phere; pure water has no effect upon silver; but if 
the water contain vegetable or animal matter, it otleti 
slightly blackens its surt'aec in consequence of the 
presence of sulphur. 

Why is the German " silver " improperly so named ? 

Because it is nothing more than the white copper 
long known in China, anil dons nut contain a particle 
of silver I it is only an alloy of copper, metal, and nicke I. 
Although only now coming into known use in Eng- 
land, it has been no stranger to the manufactories of 
Birmingham lor at least twenty years or more. 

Why is plating so called? 

Because it is performed by the application of a plate 
of silver to the surface of copprr, which is afterwards 
beaten or drawn out. Amalgam of silver is sometimes 
employed for plating; it is applied to the Burlace of 
the copper, anil the mercury being evaporated by heat, 
the remaining silver is burnished. A mixture of 
chloride of silver, chalk, mid pearlnsh is employed for 
silvering brass : the metal is rendered very clear, and 
the above mixture, moistened with water, nibbed upon 
its surface. In this way, thermometer scales and clock 
dials are usually silvered, 

A note upon the duly on plaic will show how largo 
a portion of gold and silver is annually diverted from 
the purposes of coin to those of ornament and luxury. 
The rate of duty upon silver wrought plate in 1804, 
was 1*. 3d. ; upon gold his. per ounce ; it was after- 
wardsraised to Is. <\d. upon silver, and to 17». upon (told. 
At tills time the annual net duty was less than fiOOOV. ; 
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in 1828, it was upwards of 105,0002. ; a rise more than 
twenty-fold, notwithstanding the greatly diminished 
supply from the mines, and the consequent increasing 
value of the precious metals. 

Why is coal gas injurious to silver and plated jgoodtl 

Because of the sulphuretted hydrogen which it con- 
tains. . 

Why is the Birmingham and Sheffield playfiupenm 
to that formerly madt% 

Because the old method was by dissolving mercury 
in nitrous acid, dipping the copper, and depending 
on the affinity of the metals, by which a very slight 
article was produced. But at Sheffield and Birming- 
ham, all plate is now produced by rolling ingots of 
copper and silver together. About the eighth of an 
inch in thickness of silver is united by heat to an inch 
of copper in ingots about the size of a brick. It ■ 
then flattened by steel rollers worked by an eighty 1 - 
horse power. The greater malleability of the sUtw 
occasions it to spread equally with the copper into t 
sheet of any required thickness, according to the 
nature of the article for which it is wanted. Plated 
metal, the eighth of un inch thick, is thus rolled by the 
hand into ten times the surface, the silver spreading 
equally; and the plating would be perfect if the rolling 
had reduced it to the thinness of silver paper! This 
mode of plating secures to modern plate a durability 
not possessed by any plate silvered by immersion. 
Hence plated goods are now sought all over the world, 
and, if fairly used, are nearly as durable as silver 
itself. Of this material, dinner and dessert services 
have been manufactured at from fifty to three hundred 
guineas, and breakfast sets from ten to two hundred 
guineas, as sold on the spot 
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Why is gold alloyed with copper for coin? 
Because it is thus made harder than pure gold, and 
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resists wear better than any other alloy except that 
with silver. 

The produce of the Ural gold mines amounted, in 
1827, to 672,416*. Gold is also found in the Rhine ; 
but the quantity is so scanty, that, the washer considers 
it a good day's work, if he succeed in collecting to the 
value of 5*. or 6*. From the official accounts of the 
yearly produce obtained from that stream in the Grand 
Duchy of Baden, we observe the value was, in 1821-2, 
£603 ; 1826, £808 ; 1827-8, £943. The last produce, 
small as it may appear, for it scarcely exceeded 17 
pounds in weight, showed so considerable an increase 
upon preceding years, that a great impulse was given 
to this branch of industry in Baden. 

We have already noticed the malleability of gold, 
though not its actual limit ; * for the gold-beaters find 
it necessary to add three grains of copper in the ounce, 
to harden the gold, which otherwise would pass round 
the irregularities of the newest skins, and not over 
tham: and in using the old skins, which are not so 
perfect and smooth, they even add twelve grains. The 
wire which is used by the lace-makers, is drawn from 
an ingot of silver, previously gilded. In this way, 
from the known diameter of the wire, or breadth when 
flattened, and its length, together with the quantity of 
gold used, it is found, by computation, that the cover- 
ing of gold is only l-12th part of the thickness of gold 
leaf, though it is still so perfect as to exhibit no cracks 
when viewed through a microscope. 

Fifty thousand pounds worth of gold and silver are 
said to be annually employed at Birmingham in gild- 
ingand plating, and of course lost for ever as bullion. 
— -The ductility of gold is such, that one ounce of 
it is sufficient to gild a silver wire more than 1,300 
miles long. 

* See Mechanics, p. 17. 
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Why is mercury used to separate gold and silver from 
tke extraneous inatter found with those metals ? 

Because, by triturating the mass with mercury, the 
gold and silver become amalgamated with it; and 
afterwards this amalgam is submitted to heat, when 
the mercury sublimes ; the precious metals leaving in 
a state of purity. 

The gilding of buttons is, in part, similarly effected. 
When the buttons, which are of copper, are made, 
they are dipped into dilute nitric acid, to clean then, 
and then burnished with a hard black stone : they are 
then put into a nitric solution of mercury, and stirred 
about with a brush till they ar% quite white : an amal- 
gam of gold and mercury is then put into an earthen 
vessel with a small quantity of dilute nitric acid ; and 
in this mixture the buttons are stirred till the fold 
attaches to their surface: they are then heated over 
the fire till the mercury begins to run, when they an 
thrown into a large cap made of coarse wool and goat's 
hair, and in this they are stirred about with a brash. 
The mercury is then volatilized, by heating over the 
fire in a pan. By Act of Parliament, a gross of but- 
tons, of an inch diameter, are required to have five 
grains of gold on them ; but many are deficient even 
of this small quantity. 

Why is false gilding so called? 

Because it is the art of applying thin leaves of sil- 
ver, or of tin, to the substance to be gilded, and then 
rubbing them over with a yellow transparent colour, 
through which the metallic splendour appears: this is 
very old ; and a method of affixing a white metal to 
paper, and then covering it with a gold varnish, has 
been known in China from the earliest ages. It ap- 
pears also to have been employed at a very remote 
period for gilding leather, of which many specimens 
may be found in ancient leathern tapestry. 
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PLATINUM. 

Why is platinum so called f 

Because it resembles silver; the term, in the lan- 
guage of Peru, meaning " little silver." 

Pktinum may always be known from other metals 
by its superior specific gravity, it being the heaviest 
body in nature. The important uses to which this 
precious metal may be applied, can be easily conceived, 
when it is considered that it unites the indestructibility 
of gold to a degree of hardness almost equal to that of 
iron ; that it resists the action of the most violent fire, 
and also of the most concentrated acids. One of its 
more useful applications has been to the coating of 
copper with as much ease as the common operation of 
tinning. The high value of platinum is however very 
much against its general adoption, for although much 
cheaper than gold, it is worth between four and five 
times its weight of silver. 

Why is the alloy of steel ancLplatinum tceU adapted 
JI*mtrrors? v 

Because it takes a fine polish and does not tarnish. 

Why is platinum well adapted for the manufacture of 
rings and chains ? 

fiecause it has the property of being united by weld* 
ing, either one piece to another, or with iron, or steel. 
Hence its durability must add to its value. 

A beautiful coinage of platinum has lately been 
issued in Russia, the metal being found in considerable 
quantities in the Uralian mountains of Siberia. 

Why is rhodium used for the nibs of metallic pens ? 

Because of its extreme hardness and durability. For 
this successful application, the elegant arts are indebted 
to the suggestion of the late Dr. Wollaston. 

* GLASS. 

Why is lead important in glass ? 
Because its oxide, in the form of litharge, or mi- 
nium, increases the fusibility of the compound, gives 
part x. F 
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it greater tenaciousnesB when hot, increases its refrac- 
tive power, and enables it to bear sudden changes of 
temperature. It is a copious ingredient in the Lon- 
don JHni glass, celebrated for its brilliancy when cut, 
and used for most optical purposes. Lead, however, 
renders glass so soft as easily to scratch. 

The manufacture of glass is as follows : — The glass- 
pots are placed round a dome-shaped furnace, built 
upon arches, and open beneath for the free admission of 
air ; there are generally six in each furnace, and they 
are entirely enclosed, except at an orifice on the side 
opening into a small recess formed by the alternate 
projection of the masonry and the flues, in which the 
workmen stand. Coal is the fuel employed, and the 
furnace is so built that a rapid current of flame may 
be directed round each glass-pot, which afterwards 
passes out with the smoke into the dome and chimney, 
heating a broad covered shelf in its passage, which is 
the annealing oven. The materials, or fret, being 
fused, and the impurities removed, gradually become 
clearer, abundance of air-bubbles are extricated, and 
at length the glass appears uniform and complete; 
the fire round each individual pot is then damped, till 
its contents acquire a consistency fit for working ; the 
whole process requiring about forty-eight hours from 
the time the pots are filled. At the working heat, which 
is a full red, the glass has a peculiarly tenacious consis- 
tency, and as it adheres but feebly to polished metals, 
it is easily wrought and managed with iron tools.* 

♦Mr. Brande, in a note to his Manual of Chemistry , observes : M All 
common glass, when reduced to a fine powder, is more or less acted 
on by boiling water, which separates the alkali, and its entire disinte- 

S-ation seems only to be prevented by the insolubility of the silica, 
lass which has long been exposed to the weather, frequently exhibits 
a beautiful irridescent appearance, and is so far decayed, that it may 
be scratched with the nail. Several years ago, I examined s#me bot- 
tles of wine which bad lain in a wet cellar, near the Bank, upwards 
of 150 years, having been deposited there (as circumstances proved] 
previous to the great fire of London in 1666. The glass was soft, and 
greatly corroded upon the surface, in consequence of the abstraction 
of its al kali. The wine appeared to have been Malaga and Claret; the 
latter had perished, but the former was still vinous." 
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It is a curious fact in the history of discovery, that 
the manufacture of glass is unknown at Sidon, though 
this part of the country was once famous for the dis- 
covery of, as well as production of articles in, that mate- 
rial. The story of the discovery of glass by Phoenician 
mariners at Belus, near Sidon, in Syria, is mentioned 
by Pliny. Dyeing, however, is still practised, though 
not with the same success as among the ancient Tyn- 
ans, who were descended from the builders of Sidon. 
The standard of Syria in arts and manufactures, is, in- 
deed, every where, much below that of the most back- 
ward nation in Europe. 

Why do all glass articles require to be carefully an- 
nealed, or suffered to cool very slowly ? 

Because they would otherwise be remarkably brittle, 
and apt to crack, and even fly into pieces upon the 
slightest touch of any hard substance. 

Why are plate-glass windows superior to those of 
common glass ? 

Because the two surfaces of common window-glass 
are not perfect planes, and not perfectly parallel to each 
other, as in the case of plate-glass ; whence objects 
seen through the former, appear generally more or less 
out of shape ; and hence comes the elegance and beauty 
of plate-glass windows ; and the singular distortion of 
things viewed through that swelling or lump of glass 
which remains where the glass-blower's instrument 
was attached, and which appears at the centre of cer- 
tain very coarse panes. 

The variation is also thus philosophically explained : 
" As it is the obliquity between the passing ray and the 
surface, which, in any case of refraction, determines 
the degree of bending, a body seen through a medium 
of ir/egular surface, appears distorted, according to 
the nature of that surface." — Arnott, 

Why is plate-glass so expensive? 

Because of the difficulty of producing a perfect 

r3 
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plate, without specks, bubbles, or waves, and the risk 
of breakage. Its manufacture is as follows: 

The materials being fused, are poured upon a hot 
copper-plate; the mass is then rolled out, annealed, 
and afterwards polished by grinding with sand, emery, 
and emcothar. 

Previously to 153tall the glass employed in mirrore 
was blown; when a Frenchman, named Thevart, dis- 
covered the art of casting it. The art of pofehing it 
was invented by Riviere Dufresny. The French 
class for the royal manufactories is now cast at Tour- 
laville, near Cherbourg, and at St. Gobin an ancient 
chateau near la Fere ; it is afterwards sent to Paris to 
be polished, silvered, and cut. Glasses are finished 
here to the value of nearly 600*. each, and are some- 
times 10 feet in height by 6$ in width. 

The price of large-sized pier-glasses is within the 
reach of the most moderate incomes, and there is 
scarcely a family in France which does not possess 
one or two ; while, as we all know, they are rarely to 
be met with in England, except in expensively fur- 
nished houses. 

Why was ike black oxide of manganese formerly 
called glass soap? 

Because it cleanses certain impurities, and espe- 
cially the green tinge which is apt to arise from im- 
pure alkali. 

Why do glass-cutters use the point of a diamond for 
dividing and shaping then- panes ? 

Because diamond is the hardest of known substan- 
ces, and cuts or scratches every other body. — ArwM. 

Glass can, however, only be cut by the natural 
point of the diamond. There are various other meth- 
ods of cutting glass, among which the following, 
from a French Journal, merits notice. 

If a tube, or goblet, or other round glass body is to 
be cut, a line is to be marked with a gun-flint, having 
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a sharp angle, an agate, a diamond, or a file, exactly 
on the place where it is to be cut. A long thread, 
covered with sulphur, is then to be passed two or 
three times about the circular line, and is to be inflamed 
and burnt ; when the glass is well heated, soma^irops 
of cold water are to be thrown on to it, when the 
pieces will separate in an exact guanoer as if cut with 
scissors. It is by this means that glasses are cut cir- 
cular into thin bands, which may either be separated 
from, or repose upon, each other at pleasure, in the 
manner of a spring. 

Why is the white enamel in imitative gold trinkets 
of such little value ? 

Because it is merely glass rendered more or less 
milky or opaque, by the addition of oxide of tin ; it 
forms the basis of many of the coloured enamels, 
which are tinged with the metallic oxides. 

Why are leaden bullets let fall on glass cooled in the 
open air, without breaking it, whereas a few grains of 
sand also let fall on the glass would break U into a thou- 
sand pieces? 

Because the lead does not scratch the surface of 
the glass; while the stond, being sharp and angular, 
scratches it sufficiently to break it. 

Why are glass-house cinders, or clinkers, employed 
in hydraulic mortar f 

Because they contribute to its rapid consolidation. 
This advantage was employed in the construction of 
the bridge of Louis XVI. at Paris, and in building 
the jetties and fort at Cherbourg. 

POTTERY. 

Why is common clay of a brownish colour ? 
Because of the oxide of iron which it contains. 

Why is nickel prized by the French manufacturers 
of porcelain? 

Because its oxide affords them a very delicate grass- 
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green, and like other metallic colours this bears 
intense heat of tlieir ovens without injury, 
einthiue colour may be given to flint-glass by 
it with this oxide. — Parka. 

HTij/ is manganese serrireiMt in iht nrls? 

Because its oxides are used in preparing bleaching 
liquor; in purifying prltis-=. {l<>r which purpose, accord- 
ing to I'liiiy, it was employed two thousand yearsugoli 
i?i glaring iilni'k earthcmvarc : and colouring pored 

enamels. 

fffty arc the Sl.iffiirJsltirc potteries concluded to 
of Raman origin i 

Because evident remains of Rinnan potteries 
heen repeatedly discovered, at a considerable r.li-; 
below die present suifnec of the land. 

The better kinds of pottery, called in this country, 
Staffordshire leiire, arc made of an artificial mixture of 
alumina and uilicu: llie former obtained in the fbrni 
of a line clay In 'in Dei onahire chiefly : and the latter 
consisting of chert or flint, which is heated red hot, 
quenched in water, and then sifted to powder. Each 
material, carefully powdered and siiied, is diffused 
through water, mixed by measure, and brought to a 
due consistency by evaporation: it is then highly 
plastic, and formed" upon (he potters' wheel or lathe 
into various circular vessels, or moulded into other 
forms, which, afler having been dried in a warm 
room, are enclosed in baked clay casus, resembling 
bandboxes, and en I led .«:;-.■ '"'">• ; lie si- are ranged in the 
kiln, so as nearly to (ill it, leaving only space enough 
for the fuel ; here the ware is kept red hot for a con- 
siderable time, and tlius brought to the stt.:,: of its- 
ruit. This is afterwards pttwtf, which is done by dip- 
ping the biscuit- ware into a tub containing a mixture 
of about GO parts of litharge, 10 of clay, and 20 of 
ground flint, didiised in water to a creamy cc — !j 
and when taken out enough adheres W ' 
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give an uiiifcinii rriuziii: tt^-t: &s*— — -—— — - ^-- 
pieces are tiit'i: uiraii i^.x-.i ;:i ^ :.. •»-_^r:rr£ -vi-ii 
small bite of iiotitr? nsivn ■.---. i i--*iv~ n -j^ji. ai.i 
fixed in & kiii u«- iMiiun. 7~ii- 2:^211: mraim iiwt*- 
at a verv rriodfrui* im.-u: aiu pv«.- ai ium«rrii zfi»?!*<- 

* 

coating, whit'L iniiKliet tin imi-:*rfi v j** 1 ! x *• uraeitu** 
for coixiTijou wiiiit wurt. 

The ni£ijuiu''iiir< nf TViir M *-i?T j ?? 7irr"»**?iuii ir u*- 
■scribed as follows- : Tin siiiv -;nir im: *oi*r «u:?5aiiiv*s» 
are first jii;Jx>'rxz»Jt: r»y uz. i~iz. r ■>*- *'-:_#■■_*_ r-'igrz* 
upwards of r^c- ton.*-. mr. r-'v:..-T-.^ i;. l £t:i" • t r«*c — > 
like that of a f-id^r-iuii. 1 : n5-r ihif iij?y :-rf- -rii^ft:. 
and then ground a: tbe wairT-iiiill, ?um ri i*nrly fine to 
filter through sieve**, through which no particle of 
greater dimensions than the 57,000ih part of on inch 
con pass. TJje composition then, in its liquid stnfr, 
is dned upon the slip kilns till it becomes of the con- 
sistency of clay, when it is taken to the throwing- 
Toom, where the ware is first formed ; mid from ihfwi; 
to the store-room, in which it is placed to dry §mulunlly f 
thus preparing it for turning and prrKsiiig. Th'r arti- 
cles being applied to the latter arc di mini "hfd in ihs*k- 
ness about one half: the ware is th<-n put info th«- ?,,*** 
set of kilns, called Biscuit Kilns, in wld'-h if w lr,n+*l 
nearly sixty hours. Having jiajwd thro -v* 1A*** 
kilns, such pieces as have been wnrj^d by 'w WW 
heat, are reburned in the second. A fU:r 'hi* * l ■■«■ v«r»> fc* 
are prepared for receiving thi.-ir i^W/Ahf, nh,- '>**+**** 
plished, they are a third tini'; rot'nmiWifl '•*, * ; «- ***.. 
and when the glaze is giiffjri'rftf'y ■..*•■■'■-«•. *■■•*/ »i«« 
taken out, and when cf>ol, v*.*-*-. ;*.<■" •/.-■/ *■•.««■ « ■■'■#»■ 
lishment in the painting-roorr, : v^-v v.** ■■••»■■ • !••■« • 
time, condemned to the furrow: . 5 v." ■■■•* ;•■.-•;*■«#* ••• ■« 
corporating the gilding and th* //,>vv»* •»:«;• ••*• /»»/* 
after which they are huir: j^^4 for v.* ttnv?r*» 

Why art Ou pattern* vy/n '/*4!mwt /*«*&*« <***fy 
in Hue f 
Because of the ftcCr? */ \yp>'wr *W\* '? .* + 
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patterns are generally printed off upon paper, which is 
applied to the plate or other article while in the state 
of biscuit, and adheres to the surface when heat is pro- 
perly applied. 

JVky are gum-water and borax used in gilding pom- 
lain ? 

Because, upon the application of heat, the gam 
burns off, and the borax vitrifying upon the surface 
causes the gold firmly to adhere ; it is afterwards bur- 
nished. 

Why ought the materials for porcelain to be selected 
itrilh the greatest caution ? 

Because it is necessary that the compound should 
remain perfectly white after exposure to heat ; that it 
should endure a very high temperature without fusing, 
and at the same time acquire a semi-vitreous texture 
and a peculiar degree of translucency and toughness. 
These qualities are united in some of the oriental 
porcelain, or China, and in some of the old Dresden, 
but they are rarely found co-existent in that of modern 
European manufacture. Sevres and Worcester porce- 
lain is extremely white and translucent, but it is more 
apt to crack by sudden changes of temperature, more 
brittle, and, consequently, requires to be formed into 
thicker and heavier vessels; and more fusible than 
the finest porcelains of Japan and China. Painting 
on porcelain or in enamel is an art of great difficulty, 
and with every care there are frequent failures : hence 
the costliness of fine porcelain. 

The Sevres porcelain manufactory is in a village of 
that name about two leagues from Paris. It was pur- 
chased by Louis XV. in 1759, and has since been the 
property of the French Government. Here was made 
a complete service for Louis XVI. of which each plate 
cost 251. and in the Tuilleries is a Sevres vase which 
cost 1000J. In 1801, Brogniart, the distinguished 
geologist, was appointed director, and to his exertions 
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the establishment is principally indebted for its cele- 
brity since the Revolution. 

According to Professor Silliinan, the porcelain of 
America bids fair to rival that of the old world. 
Speaking of a manufactory in Philadelphia, he says: 
u the porcelain is very beautiful in all the principal 
particulars : in symmetry of modelling, in purity of 
whiteness, in the characteristic transluccuce, in smooth- 
ness and lustre, and in the delicacy and richmws of the 
gilding and enamel painting. That it rivals the finest 
productions of Sevres itself) it is not necessary to as- 
sert; but it certainly gives every assurance, that if 
properly supported, it will not fail to meet every de- 
mand of utility and taste, which this great and grow* 
ing country, may present" The raw material is very 
abundant near Philadelphia, and in many other parts 
of the United States. 

Why is Wedgwood-ware so called 1 

Because it was the invention, or rather improvement 
of Mr. Wedgwood, who, for that purpose brought mo- 
dellers from Italy and other parts of the Continent, 
■and employed a competent chemist to superintend his 
experiments. By this means, he not only excluded 
the foreign manufacture from the market, but also 
supplied a large quantity for exportation, extending 
the business far beyond all former example. 

LINEN, COTTON, ETC. 

Why is linen believed to have been originally mantu- 
Jactured in Egypt? 

Because of its frequent mention in the books of 
Hoses, the most ancient of the Scriptural writers. The 
original Hebrew, not, however, specifying the sub- 
stance of which the cloth called in the version, linen, 
was formed, would be only slight evidence of the man- 
ufacture of flaxen cloth in Egypt at that period, were 
it not from thence that it was first obtained, and thence 
only that Europe was for a long time supplied with it 
Mummies are also generally found swathed in linen ; 
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and, as the art of preserving bodies in that manner 
was practised in Egypt in the remotest ages, there can 
be no doubt that linen was made there at an sera of 
very great antiquity. 

Why did the manufacture of linen make but little 
progress in Europe during the middle agesf 

Because it was confined, both then and for a Ions 
period afterwards, to private families, where the thread 
was spun, and the web was wove for domestic use ; and 
its scarcity as an article of apparel, has been considered 
as one of the chief causes of the leprosy. Linen, in- 
deed, seems to have been earlier adopted as a luxury 
for the table than the person, and we read of its being 
used at banquets long before it was known as an arti- 
cle of dress. 

Why is the newly invented French u papier lingt" so 
called? 

Because it consists of a paper made to resemble dam- 
ask and other linen so cleverly, that it is impossible, 
without examination, to detect the difference; and 
even to the touch, the articles made from the papier 
linge are very much like linen, and are used for every 
purpose to which linen is applicable, with the excep- 
tion, of course, of those in which strength and dura- 
bility are required. The price is very low : a napkin 
costs only five or six centimes, (about a half-penny) and 
when they are dirty, they are taken back at half-price, 

Why is it conjectured that fine India cottons toert 
used %n ancient Home ? 

Because there was a regular commercial intercourse 
established through the medium of Egypt between 
Rome and India, the chief part of which was on the 
coast of Malabar, (which has been ever considered as 
the greatest manufacturing district of the East) where 
the art of weaving was practised at the remotest period 
of which we have any account. Mr. Gifford, in a note 
to his translation of Juvenal, tells us, that the u serica 
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vestes were what we call fine cottons, imported into 
Europe in Juvenal's time, as they were ages before, 
from India, through the country of the Seres, the mod- 
ern Bochara:" and this is strongly corroborated in 
the Georgics of Virgil, which seem evidently to allude 
to the cotton plant : 

Of iEthiop's hoary trees and woolly wood, 
Let others tell: and how the Seres spin 
Their fleecy forests in a slender twine. 

Dryden'a Translation, 

Among the Greeks and Romans, spinning was the 
chief employment of the women : the rites of marriage 
directed their attention to it ; and the distaff and fleece 
were not only the emblems but the objects of the most 
important domestic duties of a wife. The machinery 
employed in weaving, though perhaps rude in its con- 
struction, was, in principle, similar to that still in use ; 
and the process of fulling' and preparing the cloth, 
seems to have resembled the modern practice in every 
particular point, except that of shearing the nap, with 
which the ancients do not appear to have been ac- 
quainted. In eatly records we do not, however, read 
of cloth being measured, which appears to have arisen 
from a custom of weaving no more cloth in one piece 
than was sufficient to form a single dress. 

Muslins are to this day manufactured by the primi- 
tive loom in India, probably without alteration of the 
form in use during the earliest ages of its invention. 
It consists merely of two bamboo rollers, one for the^ 
warp, the other for the web, with a pair of geer, and* 
the shuttle performs the office of the batton. This 
simple apparatus, the Indian weaver frequently erects 
under the shade of a tree. He digs a hole large enough 
to contain his legs, and the lower part of his geer ; he 
. then stretches his warp, by fastening the rollers at due 
distances in the turf, and suspends the ballances of the 
geer from the spreading branches of the tree ; two 
loops beneath the geer, into which he inserts his great 
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toes, serve instead of treddles; and with his Ions 
shuttle, he draws the weft, throws the warp, ana 
afterwards closes it up to the web. The spinning ie 
still performed by the ancient operation of the distaff 
— Beckmann. 

Why is woollen a less advantageous mcmufactvre Aon 
cottonf 

Because wool undergoes great waste in the process 
of being made into cloth, by scouring and shearing 
which may be taken at one half, and the expense ie 
greater, whilst cotton incurs no waste of importance. 
In 1819 the consumption of cotton in Great Britain 
was 428,500 bags; in 1822, 550,800 ; in 1825, 615,940: 
in 1827, 662^00; and in 1828,732,700; by which it 
appears that the consumption was nearly doubled 
within ten years. 

The average fineness of cotton may be taken at twen- 
ty hanks to the pound ; and, as each hank is 840 yards, 
or nearly half a mile, every pound is nearly ten miles; 
and the whole, about 400,000 miles, are produced in 
about sixty-six working hours. In round numbers, this 
is 6000 miles per hour, or 100 miles a minute. Everj 
fibre passes through no less than ten sets of machinery : 
hence the united spindles and threads travel through 
1000 miles a minute. The noise of their united fric- 
tions and collisions, and the united hum of thousand* 
of little spindles, each revolving 4000 miles a minute, 
may therefore be accounted for. 

The estimated number of looms propelled by watei 
and steam power, in the United Kingdom, is 58,000 
The average produce, taking it at twenty-two square 
yards a day, makes 1,254,000, or 1,741 yards a min- 
ute ; weekly, 7,524,000 ; monthly, 31,300,000 ; yearly 
376,200,000. Allowing six yards to each person foi 
yearly consumption, will supply 62,700,000, and wil] 
cover 62,700 acres of ground, and in length would ex- 
tend 213,750 miles, and reach across the Atlantic Ocean 
seventy-one times. — Manchester Journal, 

Among the wonders of tliis branch of manufacture 
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the following deserve mention. In 1745, a woman at 
.East Dereham, in Norfolk, spun a single pound of wool 
into a thread of 84,000 yards in length, wanting only 
eighty yards of forty-eight English miles ; which, at 
that period, was considered as a circumstance of suffi- 
cient curiosity to merit a place in the records of the 
Royal Society. Since that time, however, a young lady 
of Norwich has spun a pound of combed wool into a 
thread of 168,000 yards, and she actually produced from 
the same weight of cotton a thread of 203,000 yards, 
equal to upwards of 115 English miles: — this last 
thread, if woven, would produce about twenty yards 
of yard-wide muslin. Even our young readers may 
remember the eccentric triumph of Sir John Throg- 
morton, who sat down to dinner wearing a coat which 
had that morning been wool on the sheep's back. 

Why is the spinning-frame superior to the jenny? 

Because, though the spinning-jenny invention, in 
1767, by Hargreaves, a carpenter, at Blackburn, in 
Lancashire, gave the means of spinning twenty or thirty 
threads at once, with no more labour than had been 
previously required to spin a single thread, — the thread 
spun by the jenny could not be used except as weft, 
being destitute of the firmness or hardness required in 
the longitudinal threads or warp. Mr. Arkwnght sup- 
plied this deficiency by the invention of the spinning- 
frame, that wonderful piece of machinery, which spins 
a vast number of threads of any degree of fineness or 
hardness, leaving to man merely to feed the machine 
'with cotton, and to join the threads when they happen 
to break. It is not difficult to understand the principle 
on which this machine is constructed, and the mode of 
its operation. It consists of two pairs of rollers, turned 
by means of machinery : the lower roller of each pair 
is furrowed or fluted longitudinally, and the upper one 
k covered with leather ; to make them take a hold of 
the cotton. If there were only one pair of rollers, it is 
clear that a carding of cotton, passed between them, 
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would he drawn forward by the revolution of 
lers ; but it would merely undergo a certain d< 
compression from their action. No sooner, h 
has the carding, or roving, as it is technically 
began to pass through the first pair of rollers 
is received by the second pair, which are mat 
volve with (as the case may be) three, four, or fi 
the velocity of the first pair. By this admira 
trivance, the roving is drawn out into a threa 
desired degree of tenuity, a twist being given 
the adaptation of the spindle and fly of the comn 
wheel to the machinery. Such is the principle o 
Mr. Ark wright constructed his famous spinnin, 
It is obvious that it is radically different from 
vious methods of spinning, either by the commc 
wheel or distaff, or by the jenny, which is onl 
diflcation of the common wheel. Spinning b; 
was an entirely original idea. Mr. Arkwrigh 
that he accidentally derived the first hint of 1 
invention from seeing a red-hot iron bar elong 
being made to pass between rollers ; and thou; 
is no mechanical analogy between that operai 
the process of spinning, it is not difficult to 
that by reflecting upon it, and placing the su 
different points of view, it might lead him to 
vention.* — Ency. Brit. 

Why is the spinning mule so named? 
Because it is a compound of the machinery 
the hand-jenny and water-frame. 

Why is cambric so called? 
Because it was first manufactured at Cam 
France. 

* Mr. Arkwright's machines, on their first introduction, v 
oned adverse to the interests of the working-classes, and 
attacks were made on the factories built for them ; yet the 1 
shown the absurdity of these prejudices. It is doubtful whet 
persons were employed in all the branches of the cotton ma 
at the above period; whereas, in consequence of those ve 
tiona which the workmen endeavoured to destroy, there an 
waids of 1,000,000 directly engaged in its different departm 
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Why may Rouen he considered the Manchester of 
France? 

Because it is the great seat of the cotton manufm*' 
tares, containing nearly 200 factories employing from 
55 to 60,000 persons. The proximity of Koueu to 
Havre-de-grace, the great American j>ort, given it the 
same advantage, in point of situation, as Manchester 
derives from being near Liverpool. 

Why does netting differ from knitting? 

Because the first is performed by knotting into mesh- 
68 that cannot be unravelled ; while the second in, by 
a certain arrangement of loops so connected with eueli 
other as to be highly elastic without separation, yet 
capable of being unravelled, and having the same 
thread applied to any other use. 

Why has it been conjectured thai knit-stockings tocrt 
invented in Scotland? 

Because the earliest account of this kind of knitting 
is traced in a patent granted in France to a guild oi 
knitters, who chose St. Fiacre, a Scotchman, for their 
patron. 

The introduction of knitting into this country, is 
however, involved in much controversy. Howell says 
that u Henry VIII. wore, ordinarily, cloth hose, excent 
there came from Spain, by great chance, a pair of silk 
stockings. King Edward, his sou, was presented with a 
pair of long Spanish silk stockings, by Thomas (jrcsh- 
nm, his merchant" But, that woollen stockings were 
not only in use, but perhaps knit in this country, dur- 
ing the reign of Henry VIII. seems placed l>cyond 
doubt by this authentic household record: — 

M 1M3. 83 H. 8. 7 Sept.— Pevd for 4 peyr of knytt-ho«», viii #. 
" 1538. 30 H. 8. 3 Oct.— Two peyr of knytt hone, i «." 

The invention of the stocking-loom is thus recorded 
in the inscription to an old painting of one in the Stock- 
ing Weavers' Hall, London : — "In the year 15H1), the in- 
genious William Lee, Master of Arts of St. John's Col- 
lege, Cambridge, devised this profitable art for stock- 
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ings, (but being despised, went lo France,) _ 
to himself, I mt lo us ai iJ others ill' soli 1 : in memory of 
whom 1 1 lis is In' re painted." — Seven of Lee's workmen 
returned to England, and with another laid the foun- 
dation of the stocking manufactory in this country, 
where, in l(3(f), the masters w.-rr-. incorporated by let- 
ters-patent. In their petition the. machine is J escribed 
as consisting of two [In msand pans, and making, al- 
most instantaneously, I'.vn hundred inesiics. 

The formation of tlti- Surirli/ of (he Stocking- at Ve- 
nice, in 151X), implies ii.-= aniniuiiy on ilie continent.* 

Why are Angola honn preferred for their superior 
warmth ? 

Because tbey combine worsted and cotton in the 
closes! intermixture of the fibre. The seiiarato mate- 
rials arc first passed thrMigh a machine called a picker 
and blower, to clean and lighten the wool or cotton, so 
that half an ounce will till a bushel measure. These 
are then carded together, by which the intermixture is 
eflected, part of each materia] being dyed blue anil 
black. It is then spun of various fineness by throstles 
and mules. 

Why dies the knitting of thread-lace differ from ilial 
of stockings ? 

Because, in making stockings, only one thread is 
employed, and that hi one uniform way; whereas, 
lace is formed of as many threads as the pattern and 
breadth require. 

Why does lace exhibit variola patterns? 

Because the pattern is drawn mi a piece of parch- 

nicn), 1 fastened to the cushion of a circular bos 

with pins Ion ned on purpose, which ate stuck through 
il in various places, acciu'dio;: rci the design intended to 
be represented; the reipiisiic number of threads are 
then wound upon a suinll bobbin, one end being tied 
to each pin, and these are thrown over and under each 
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other in various ways ; so that the threads twine round 
the pins, and thus form the multiplicity of holes or 
eyes which produce the desired figure. 

Why is some knit-lace called point f 

Because it has been worked, or embroidered, witti 
the needle: when formed of silk, it is called Monde. 

Why was cotton-lace formerly in such disrepute ? 

Because the quality of lace depends on its transpa- 
rency, and at first, the meshes of cotton were encum- 
bered with loose fibres, which destroyed its clearness ; 
and to remove these, for some years appeared to be an 
insuperable difficulty. 

Why is lace "gassed?" 

Because the flame of the gas may penetrate the 
meshes, and free them of these loose fibres, which is 
done without the smallest injury to the fabric The 
apparatus of Mr. Hall, of Nottingham, for the purpose 
of gassing lace, is thus described: — He exposes the 
lace to a horizontal tube, provided with a series of 
orifices, through which ascends carburetted hydrogen 
gas, which, lighted at one end, takes fire through the 
entire lengths of the tube, making a delicate blue flame, 
about half-an-inch high. This is supported by the 
oxygen of the atmosphere ; but the oxygen is drawn to 
the flame by a cap, the whole length of the horizontal 
tube ; and the cap is exhausted by its connexion with 
an air-pump, of extraordinary dimensions, worked by 
machinery: hence a brisk current of air constantly 
passes over the inflamed hydrogen. At the same time, 
stop-cocks and valves are so provided, as to regulate 
both the emission of the hydrogen gas, and the ex- 
haustion of the gas above it. A similar tube, with 
orifices, and a cap, is laid at about a foot distance from 
the other, and then by means of rollers on each side, 
the lace is carried through the two lines of flame, and 
being returned again, the operation is complete. The 
several machines, as well as the exhausting pumps, 
are worked by water power. — Sir R. Phillips's Tour. 
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H'hy dots ordinary waiving differ from lacc-tt 
Because it has the warp ( h ■ r 1 1 < ■ m r t l '■ > 1 1 r i r instead of 
horizontal; ami, instead of itie. shuttle moving at right 
igles, brass !.u>i>!.)iiis, in brass carriages of very curious 
il ilrlicale structure, arc made to puss in cross direc- 
ns round the warp threads obliquely, so as to pro- 
duce the hexagonal meshes. In truth, the principle of 
the machine is to produce the very same result as is 
effected by the evolutions of the bobbins on the pillow 
or cushion in hand lace-making. 

Weavers, or lace-macliine bonds, are paid by the 
number of holes, or nirtdics, which run from 320 to 
520 the square inch. Tho estimate is made by the 
rack, or 241) holes k-n^ihways, lor which they receive, 
according to breadth, from threepence tr — ' 
per rack. 
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ported from the < 'iite*\voli] Kills in Gloucestershire, to 
Castle, in 1464. Until within these few years, the 
only fine wool known wok the Spanish wool, which, at 
that time, was supplied to Midland, France, and the 
Netherlands, tor their fine cloth manufactures. But 
the ravages of war destroyed many (locks, and the 
original system of keeping the slu-^p was lost, so that 
the wool has dcficiicrntrd into a [[utility not worth more 
than one-third of the same stock of sheep in Germany. 

Why has Siixonu become so celebrated for Us wool- 
trade f 

Because the late Kin.!.' of Saxony, when Elector, 
introduced the breed of Merino sina-p into Germany, 
which has since iratisleiTed the valuable trade ill fine 
wool, almost wholly from the Spanish to the Gem 
soil. Thus, Germany realized in ]82!>, the s 
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£5,199,934. by the growth of wool, instead of tiie 
worthless hair produced upon the old indigenous sheep 
of the country, which was scared)' in sufficient qimn- 
tity to supply the peasantry with worsted petticoats 
and stocking?. Of the above q>inntitv. there were im- 
ported into England, '23,110,S->ilh. of wool, which 
averaged at Is. lirf. per pound, makes a return of 
£1,735,311. 1.1s. There is likewiseo growing prospect 
of a supply of Merino wool, equal to the consumption 
ofGreat Britain, bi-iiii' produced from her two colo- 
nies of New South Wales and Vim Diemau's Land. 
Why is foreign superior to British wool J 
Because abroad the wool is grown without seeking 
any other result than wool, — whereas, in England, the 



farmer sacrifices every advantage of quality i 

1, to the necessity of exposing the sheep to mcie- 
t weather on the fallow land ; and to tho produc- 



tion of a fine fat carcass — both of which a. . 
tiblo with anything like excellence in tin; quality of (lie 
wool. If these motives did not oxift, the sheep would 
then be kept for their wool ; but under so very diflcront 
a mode of treatment, as to place it on a level with the 
Merino wool of Germany. 

English historians jri-rier.-illy ,'itlrihiHo the eHtablish- 
ment of the woollen manufacture! in this country to 
tbe reign of Edward 111., but according to ilie I'xHic- 
quer records, there were several guild tinternitics of 
weavers established hero so early as the middle of 
the twelfth century. Beyond this, Gervase of Canter- 
bury, who wrote about tbe year 1203, sny», when 
speaking of tbe inhabitants of Britain, that "the art 
of weaving seems to be a peculiar gill bestowed upon 
them by nature." 

Why is itjinferred thai the finest icool might be grottm 



country every circumstance, attend- 
ing the breed and mode of keeping sheep, is favourable 
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to a most extensive growth of wool; as exposure to die 
changes of the atmosphere, and the extreme richness 
of their food, both tend to increase the weight of co- 
vering on the ^nimalft. The average weight of a fleece 
of the German Merino breed, is somewhere about 2} 
to 3 pounds ; whilst that of a fat Leicester sheep is 
from 8 to 9 pounds. 

In Russia, an instrument called a wool-meesore, 
has lately been invented, by aid of which, the breeders 
of sheep who desire to improve their stock, may choose, 
by the fineness of their wool, the best rams to breed 
from : they may even ascertain the different degrees of 
the fineness of the wool, in different ports of the body 
of an animal, or if a single hair be of the same dia- 
meter throughout its whole length ; the measure being 
divided into one-hundred-thousandth part of an inch. 

Why does the prosperity of the wool-trade m France, 
depend on (he exertions of the agriculturists to amelio- 
rate the quality of the fleeces ? 

Because the French government encourage the ex- 
clusive use of their own wool, by heavy duties on the 
raw material of other countries; and, accordingly, 
nearly four-fifths of the wool consumed in France is 
of native produce. 

Why was the woollen manufacture of France so pros- 
perous under Louis the Fourteenth ? 

Because Colbert, the famous minister of that day, 
persuaded the king to offer a bonus of 2.000 Iwres for 
each loom at work, and to permit the nobility to enter 
into manufacturing speculations without derogating 
from their rank. 

Why does each country of the earth product its own 
peculiar wool or cloth % ^ 

Because every one has some breed of sheep or other, 
either indigenous to the climate, or naturalized by the 
inhabitants from some other part Of these there is 
an endless variety, each producing a different quality 
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of wool, from the extraordinarily fine Merino wool, 
grown in Silesia, down to the coarse, harsh, and brittle 
clothing of the sheep in tropical climates. 

Why have the Gobelin manufactories become so cdt- 
brated? 

Because they were originally established by Jean 
Gobelin, upon the river Bievre, near Paris, die water 
of which is considered very favourable to the process 
of dyeing. The family of Gobelin were, however, only 
dyers, although their name became attached to the 
quarter in which they lived, and even to the above 
river. They soon became rich, renounced their trade, 
and fiDed various offices in the public service. 

Why were the Gobelin tapestries so named f 
Because the successors ot the Gobelins not only dyed 
wool, but made tapestries. Formerly works of this 
kind were confined to Flanders, where the celebrated 
tapestry after Raphael's Cartoons was executed ; but, 
at present, there is no manufactory equal to that of the 
Gobelins. 

a Why mt the carpets of the Gobelins and the Smxmne- 
rie so highly prized? 

Because of the length of time required to perfect 
them ; sometimes five or six years. They are seldom 
valued at less than £200 or £300 each. The largest 
carpet ever made at la Savonnerie, is probably that 
manufactured for the gallery of the Louvre. It consists 
of seventy-two pieces, and is more than 1,300 feet in 
length. 

In carpet weaving, the wool passes through seven- 
teen processes or sets of hands, to produce the warp. 
Thus, the fleece wool is sorted; then scoured; and 
combed by machine or hand. It is then run through a 
breaking name and carding-engine ; thence it is carried 
to various drawing frames, to produce regularity in the 
combined fibres ; it is then made into a roving, and 
carried to the spinning-frame and made into single- 
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wonted; afterwards double; and then ready for 
scouring and dyeing, warping and weaving. 

Why art Cashmire shawls so successfully manufac- 
tured in France? 

Because the breed of the Thibet goats has been 
naturalized there ; and the French wool supplies the 
place of the oriental so perfectly, that all smuggling 
from India is at an end. 

It is said that these shawls were brought into as) 
by the officers of the army of Egypt after their retain 
from the expedition so fatal to the Mamelukes, from 
whom a large quantity was captured. The rage then 
began among the French ladies for these beautiful 
articles, but their very high prices, as well as that of 
the wool of which they are made, prevented them 
for some time from being common. The raw materi- 
al is supplied by the goats which browse on the plains 
of Khirgiz, whence it is brought to Moscow for sale, 
and it is calculated that a pound of this genuine wool, 
which hardly suffices for the chain of a shawl, cannot 
be imported thence into France, washed, picked, and 
spun, for less than 150 francs, 61. 5s. 

Why is bombazeen so catted? 

Because of its corruption from bombycina, the Latin 
name for stuffs composed of a mixture of silk and 
woollen ; and this term is from bombyx, silkworm, and 
Sinai, China. 

SILK. 

Why was silk so little used among the Romans ? 

Because the Roman authors were altogether igno* 
rant of its origin ; some supposing it to be grown on 
trees, as hair grows on animals, others that it was pro- 
duced by a small fish, similar to the mussel, which is 
known to throw out threads for the purpose of attaching 
itself to rocks ; others that it was the entrails of a sort 
of spider, which was fed for four years with paste, and 
then with the leaves of the green willow, till it burst 
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with fat; and others that it was the produce of a worm 
which built nests of clay and collected wax. 

Why is it said that we are indebted to the bigotry of 
Jbrmer times for our present improved silk mamifac- 
tures? 

Because, in the year 1686, nearly 50,000 manufac- 
turers fled from France, took refuge in England, in 
consequence of the revocation of the Edict of Nantz, 
by Louis XIV. who thus, as Pennant observes, sent 
thousands of the most industrious of his subjects into 
this country, to present his bitterest enemies with the 
arts and manufactures of his kingdom: hence the 
origin of the silk trade in Spitalfields. It appears, 
however, that there was a company of silk women in 
England so early as the year 1455; but these were 
probably employed in needleworks of silk and thread. 
Italy supplied England and all other parts with the 
broad manufactories till 1489. In 1620 the broad 
manufacture was introduced into this country ; and in 
1686 the company of silk-throwsters employed above 
40,000 persons. 

As a specimen of individual enterprise in this branch 
of manufacture, we must notice Sir Thomas Lombe, 
who, about the year 1724, erected in an island on the 
Derwent, near Derby, a curious mill for the manufac- 
ture of silk, the model of which he had brought from 
Italy, at the hazard of his life. This machine was 
deemed so important, that, at the expiration of Sir 
Thomas's patent, parliament voted him 14,0002. for 
the risk he had incurred, and the expense attending 
the completion of the machinery. This contained 
26,586 wheels; one water wheel moved the whole, 
and in a day and night it worked 318,504,960 yards 
of organized silk. Such, however, is the march of 
ingenuity, that Sir Thomas's famous machinery has 
not been used at Derby for some years, but improved 
machinery, which performs twice the work, in less 
room, is now adopted. 



■J* 



KNOWLEDGE FOR THE PEOPLE. 



Why is silk one of the most important of manufac- 
tures? 

Because it furnishes subsistence to several millions 
of human beings ; since there is scarcely an individual 
in the civilized world who has not some article of silk 
in his possession. 

The perseverance of our manufactures has enabled 
them to ship British Bandana handkerchiefs for India, 
a circumstance which was triumphantly mentioned by 
the late Mr. Huskisson, in the House of Commons, 
about two years since. They have also been exported 
to France, m considerable quantities. 

In the printing of silk handkerchiefs there has been 
considerable improvement during the last few year* 1 . 
Most of the India handkerchiefs are now printed in 
England. Some of the blocks display first-rate in- 
genuity ; the patterns or subjects having all the ai c- 
tions of engraved prints. Thus, it will be curious, \ 
few years nence, to see the wonders of our times, as 
the Thames Tunnel, &c. and the political characters 
of the present day, treasured up in the cabinets of the 
curious, on pocket-handkerchiefs. Yet the idea is only 
a refinement of the old plan of printing the alphabet, 
and cuts of nursery stories, on cotton handkerchiefs, 
for children ; the silk prints being but for "children of 
a larger growth." We believe the public are indebted 
for these amusing embellishment to the ingenious 
Mr. Applegath, of Crayford, Kent, whose patent im- 
provements in block-printing, generally, deserve more 
space thar we can here devote to them. 



END OF PART X. 



r>"y ^f eat j . 

e*tit*uj Vjl, Arfor^ Mo 
1um*/t«< 3! I'M If 

■ ef,3 Bmtmtqt 

'4*"&C 33 ' 





w*f l£2 



2J2 G*tf4***imttr3/ 

G**frre-Vfl *ff*f~ M 

ffl/fl£SC<T?C* /tr 

Bu/fa'Zf 3S 



£/*ys/rfrr*/2p3 
* /axe *hnt2// 

eJu4huJ>/sA 
&J 74/// 



t+Ai no 



^W . <*M«a if} 






•%»■. 



\$n*tr2z7 



■ a/nfi 

■ UtvTi 

*&yy,2f. 3/ 
t *»*'iun&& I — -H-tomtwhiif? 







'„»>,■. I** 



/rrr> 



f lief hi A"* 






iu'm).'.'- 5 ' 



/m» If* 

p(,J 13* 
milunfJi^i 
luM 136 

\ 






-*&fXw/* //j 



Jh^nkif^xo 
























g—T-yw.vi-ue 






Mn. /I 






KmJ 11/ 
rn*t£*Z*bsfi$r*/f 2fi, 

$m&* XL 

***,% '2' 



I 






}\XU 






jUl^l tub \»ft***j„uj isd 



M40hufft ISCf 

/km* {7/ 

H»urf V$ 
/lu4f »uk& It/ 

- fid&lf 

wti /r 
- /,*** if 

fruxO ^7* 
Sr* e*6f /I* 

j/fhu/i /T3 
I'titbaff'''' 



- pUftssr 

Jhtt v**> to 

S%J. *t*~)ti "•'•1 • 



fr/otr*?f 2/,6 
fftfri*** 2/* ? 

- */„,*4ff?Jt /// 
i&cJ'K7£&r/2 

*"&/ 1*79 

taw ***** /J f 
(4+nj*m£A&27 

In 266 
o^t/i2S3> 



HUcJ!'f7. L 
ft/vim* 

Htyt'r' 




/* 



yult*, fa 2 J \ ^ UtmduS 22/ 



trot/ /fif 

# 



